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NOVEL NUCLEIC ACID PROBES, METHOD FOR DETERMINING 
CONCENTRATIONS OF NUCLEIC ACID BY USING THE PROBES , 
AND METHOD FOR ANALYZING DATA OBTAINED BY THE METHOD 

5 BACKGROUND OF THE INVENTION 

a) Field of the Invention 

-- This invention relates to novel nucleic acid probes each 

of which is labeled with a fluorescent dye and/or a quencher 
substance. Specif ically, a single-stranded oligonucleotide 

10 is labeled with the fluorescent dye and/or the quencher 
substance such that the intensity of fluorescence in a 
hybridisation reaction system increases or decreases when the 
nucleic acid probe is hybridized with a target nucleic acid. 
This invention also relates to a method for determining a 

15 concentration of a nucleic acid by using the nucleic acid probe . 
The present invention is also concerned with determination kits , 
determination devices, and various measurement systems 
associated with such kits or devices. The present invention 
also pertains to a method for analyzing the kinds and amounts 

20 of various nucleic acids, a method for analyzing data obtained 
by such methods, and computer-readable recording media with 
procedures, which are required to have steps of the analysis 
method performed by a computer, recorded as a program. 

b) Description of the Related Art 

25 A variety of methods are conventionally known to 
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determine a concentration of a. nucleic acid by using a nucleic 
acid probe labeled with a fluorescent dye. These methods 
include: 

(I) Dot blotting assay 
5 After a target nucleic acid and a. nucleic acid probe 

labeled with a fluorescent dye are hybridised on a membrane, 
'M unreacted nucleic probe is washed off. The intensity of 

i**' fluorescence only from fluorescent dye molecules, by which the 

nucleic acid probe hybridized with the target nucleic acid is 
."10 labeled, is measured. 

%_ (2) Method making use of an intercalator ; Glazer et al., Nature, 

Jj 359, 959, 1992 

A certain specific fluorescent dye called "intercalator " 
emits strong fluorescence upon its insertion into a double 
15 strand of a nucleic acid. This method measures an increase in 
fluorescence from the fluorescent dye. Examples of the 
fluorescent dye can include ethidium bromide [Jikken Igaku 
(Laboratory Medicine) , 15(7), 46-51, Yodosha {1997)] and SYBR 
R Green I (LightCycler™ System, April 5, 1999/ pamphlet 
20 distributed by Roche Diagnostics, Mannheim, Germany) . 

(3) Method making use of FRET (fluorescence energy transfer) : 
Mergny et al., Nucleic Acid Res., 22, 920-928, 1994 

This method comprises hybridizing two nucleic acid probes 
to a target nucleic acid. These two nucleic acid probes are 
25 labeled by different fluorescent dyes, respectively. The 
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fluorescent dye of one of the two probes can transfer energy 
to the fluorescent dye of the other probe such that the latter 
fluorescent dye is caused to emit fluorescence. These two 
probes are designed such that they hybridize with their 
5 fluorescent dyes being located opposite each other and apart 
from, each other by 1 to 9 bases. When these two nucleic acid 
0 probes hybridize to the target nucleic acid,, emission of 

□ fluorescence from the latter fluorescent dye takes place. The 

intensity of this fluorescence emission is proportional to the 
110 number of replications of the target nucleic acid. 

(4} Molecular beacon method: Tyagi et aL, Nature Biotech., 14, 
303-303, 1996 

'1 A nucleic acid probe for use in this method is labeled 

at an end thereof with a reporter dye and at an opposite end 

15 thereof with a quencher dye. As both end portions of the probe 
are complementary with each other in their base sequences/ the 
overall base sequence of the probe is designed to form a hairpin 
stem. Owing to this structure, emission from the reporter dye 
is suppressed by the quencher dye under Forster resonant energy 

20 in a state suspended in a liquid. When the probe hybridizes 
to a target nucleic acid, the hairpin stem structure is broken. 
This leads to an increase in the distance between the reporter 
pigment and the quencher pigment/ so that the transfer of 
Forster resonant energy no longer takes place. This allows the 

25 reporter dye to make emission. 
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(5) Davis's method: Davis et al. f Nucleic Acids Res., 24, 
702-706, 1996 

This method uses DNA constructs containing one or two 
fluorescein molecules in flow cytometry. The fluorescein 
5 molecules were attached to the 3 'end of a DNA probe through an 
IB-atom spacer am that resulted in a 10-fold increase in 
CI fluorescence intensity compared to the DNA probe to which 

CI fluorescein was directly attached to the 3' end of the probe, 

u! Applied to various determination methods for nucleic 

-110 acids, Fish methods ( fluorescent in situ hybridization assays) , 
□ PCR methods, LCR methods (ligase chain reactions) , SD methods 

i'"'U (strand displacement assays), competitive hybridization and 

CI the like, significant developments have been made on these 

methods . 

15 (6) Substantial technical improvements have been made on 
methods for amplifying a target gene by PCR [Tanpakushitsu, 
Kakusan, Koso (Proteins, Nucleic Acids, Enzymes), 35(17), 
KYORITSU SHUPPAN CO., LTD. (1990}] and conducting a 
polymorphous analysis on the target gene so amplified, and these 

20 polymorphous analysis methods have now found wide-spread 

utility in various fields such as medical field [Jikken Igaku 
(Laboratory Medicine) , 15(7}, Yodosha (1997)]. Various 
diseases, especially immune-related diseases have hence been 
elucidated from genes, thereby obtaining certain successful 

25 outcomes . 
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Although these methods are now widely used, they include 
a disadvantageous step that, subsequent to hybridization 
reaction between a nucleic acid probe labeled with a fluorescent 
dye and a target nucleic acid, an unhybridized portion of the 
5 nucleic acid probe has to be washed out of the reaction system. 
Obviation of this step can apparently bring about shorter 
: M determination time, simplified determination, and accurate 

determination. There is, accordingly, a long-standing desire 
for the development of a nucleic acid determination method which 
10 does not include such a step. 

SUMMARY OF THE INVENTION 
With the foregoing in view, the present invention has as 
an object thereof the provision of a method for determining a 
15 concentration of a target nucleic acid by using a nucleic acid 
probe labeled with a fluorescent dye, which makes it possible 
to determine the concentration of the target nucleic acid in 
a shorter time, more easily and more accurately, and also the 
provision of nucleic acid probes useful for the practice of the 
20 method and various devices making use of the probes. 

The present invention also has as a second object thereof 
the provision of a novel polymorphous analysis method for easily 
and quickly performing determination of a polymorphous 
composition of a target gene and reagent kits useful in the 
25 method, a computer-readable recording medium with programmed 
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procedures, which are required to make a computer perform a 
method for analyzing data obtained by the quantitative 
polymorphous analysis method, and an analysis system for the 
quantitative polymorphous analysis. 
5 To achieve the above-described objects, the present 

inventors have proceeded with a variety of investigations and 
; j have obtained findings as will be described, below. 

" ; A detailed study was conducted on a variety of nucleic 

acid probes, and in a trial and error manner, many probes were 
: 10 prepared. As a result, it has been found that, even in the case 
of a nucleic acid probe composed of an oligonucleotide which 
does not form a stem-loop structure between nucleotide chains 
~l at positions where the oligonucleotide is labeled with a 

fluorescent dye and a quencher substance, respectively, 
15 labeling by the dye and substance at specific positions may 
allow the quencher substance to act on the emission of 
fluorescence from the fluorescent dye and may give quenching 
effect on the emission of fluorescence. 

The present inventors have proceeded with an 
20 investigation on methods for determining a concentration of a 
nucleic acid by using a nucleic acid probe. As a result, it 
was found that emission of fluorescence from a fluorescent dye 
decreases (quenching phenomenon of fluorescence) when a nucleic 
acid probe labeled with the fluorescent dye hybridizes to a 
25 target nucleic acid. It was also found that this decrease is 



significant with certain specific dyes . It was also found that 
the extent of this decrease varies depending on bases in a probe 
portion, to which the fluorescent dye is conjugated, or on the 
sequence of the bases. 

® Performance of a polymorphous analysis on a target gene 
after amplifying the target gent by a quantitative gene 
amplification method makes it possible to easily and quickly 
determine the pre-amplif ication amount and polymorphous 
composition of the target gene with good quantitativeness , 

The present invention has been completed based on the 
above-described findings. 

Therefore, the present invention provides the following 
(novel) nucleic acid probes, methods, kits and devices: 
1) A novel nucleic acid probe for determining a 
concentration of a target nucleic acid, comprising: 

a single-stranded oligonucleotide capable of hybridizing 
to the target nucleic acid, and 

a fluorescent dye and a quencher substance, both of which 
are labeled on the oligonucleotide, 

wherein the oligonucleotide is labeled with the 
fluorescent dye and the quencher substance such that an 
intensity of fluorescence in a hybridization reaction system 
increases when the nucleic acid probe is hybridized with the 
target nucleic acid; and the oligonucleotide forms no stem- 
loop structure between bases at positions where the 
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oligonucleotide is labeled with the fluorescent dye and the 
quencher substance, respectively. 

2) A nucleic acid probe for determining a concentration of 
a target nucleic acid, the probe being labeled with a 
fluorescent dye, wherein: 

the probe is labeled at an end portion thereof with the 
fluorescent dye, and 

the probe has a base sequence designed such that, when 
the probe hybridizes at the end portion thereof to the target 
nucleic acid, at least one G (guanine) base exists in a base 
sequence of the target nucleic acid at a position 1 to 3 bases 
apart from an end base of the target nucleic acid hybridized 
with the probe; 

whereby the fluorescent dye is reduced in fluorescence 
emission when the probe labeled with the fluorescent dye 
hybridizes to the target nucleic acid. 

3) A nucleic acid probe for determining a concentration of 
a target nucleic acid, the probe being labeled with a 
fluorescent dye, wherein: 

the probe is labeled at an end portion thereof with the 
fluorescent dye, and 

the probe has a base sequence designed such that, when 
the probe hybridizes to the target nucleic acid, plural base 
pairs in a probe-nucleic acid hybrid complex form at least one 
G (guanine) and C (cytosine) pair at the end portion; 



whereby the fluorescent dye is reduced in fluorescence 
emission when the probe labeled with the fluorescent dye 
hybridises to the target nucleic acid. 

4) A nucleic acid probe for determining a concentration of 
5 a target nucleic acid, the probe being labeled with a 

fluorescent dye, wherein: 
3 the probe is labeled at a modification portion other than 

:-. a 5' end phosphate group or a 3' end OH group thereof with the 

n fluorescent dye, and 

10 the probe has a base sequence designed such that, when 

the probe hybridizes to the target nucleic acid, plural base 
=n pairs in a probe-nucleic acid hybrid complex form at least one 

G (guanine) and C (cytosine) pair at the modification portion; 

whereby the fluorescent dye is reduced in fluorescence 
15 emission when the probe labeled with the fluorescent dye 
hybridizes to the target nucleic acid. 

5) A nucleic acid probe as described above under any one of 
1} to 4) for determining a concentration of a nucleic acid, 
wherein the oligonucleotide of the nucleic acid probe for the 

20 measurement of the nucleic acid is a chemically-modified 
nucleic acid. 

6) A nucleic acid probe as described above under any one of 
1) to 5) for determining a concentration of a target nucleic 
acid, said nucleic acid probe being labeled with a fluorescent 

25 dye, wherein the oligonucleotide of the nucleic acid probe for 
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the determination of the nucleic acid is a chimeric 
oligonucleotide which comprises a ribonucleotide and a 
deoKyribonucleotide . 

7) A method for determining a concentration of a target 
5 nucleic acid, which comprises: 

hybridizing a nucleic acid probe as described above under 
;l- any one of 1) to 6} to the target nucleic acid, and 

=i measuring an intensity of fluorescence in a measuring 

system. 

10 8) A method for determining a concentration of a target 
~; nucleic acid, which comprises: 

hybridizing a nucleic acid probe as described above under 
any one of 1} to 6} to the target nucleic acid, and 

measuring a change in fluorescence emission from the 
15 fluorescent dye after the hybridization relative to 

fluorescence emission from the fluorescent dye before the 
hybridization. 

9) A method for determining a concentration of a target 
nucleic acid by using a nucleic acid probe as described above 

20 under any one of 1) to 6) , wherein the nucleic acid probe and 
the target nucleic acid are hybridized to each other after 
subjecting the target nucleic acid to heat treatment under 
conditions suited for sufficient degradation of a high-order 
structure of the target nucleic acid. 

25 10) A method as described above under 9) for measuring a 
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concentration of a target nucleic acid, wherein a helper probe 
for the practice of a hybridization reaction is added to a 
hybridization reaction system before the hybridization 
reaction. 

5 11} A method for analyzing or determining polymorphism and/or 
mutation of a target nucleic acid, which comprises: 

hybridizing a nucleic acid probe as described above under 
any one of 1) to 6) to the target nucleic acid, and 

measuring a change in an intensity of fluorescence. 
10 12) A novel quantitative, polymorphous analysis method 
comprising; 

amplifying a target gene by a quantitative gene 
amplification method; and 

performing a polymorphous analysis with respect to the 
15 target gene to determine an amount of the target gene and a 
polymorphous composition or amounts of individual components 
of the target gene. 

13) A quantitative, polymorphous analysis method as 
described above under 12) , wherein the polymorphous analysis 

20 is T-RELP {terminal restriction fragment length polymorphism) , 
RFLP (restriction fragment length polymorphism), SSCP (single 
strand conformation) or CFLP (cleavage fragment length 
polymorphism) , 

14) A quantitative, polymorphous analysis method as 

25 described above under 12) or 13) , wherein the quantitative gene 
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amplification method is quantitative PCR or real-time 
monitoring quantitative PCR . 

15) A kit for determining a concentration of a target 'nucleic 
acid, wherein the kit includes or is accompanied by a nucleic 
acid probe as described above under any one of 1) to 6} or a 
nucleic acid probe and a helper probe as described above under 
any one of 1) to 6] . 

16) A kit for analyzing or determining polymorphism and/or 
mutation of a target nucleic acid, comprising a nucleic acid 
probe as described above under any one of 1) to 6) or a nucleic 
acid probe and a helper probe as described above under any one 
of 1) to 6) . 

17) A reagent kit for use in quantitative PCR, wherein the 
kit includes or is accompanied by a nucleic acid probe as 
described above under any one of 1) to 6) or a nucleic acid probe 
and a helper probe as described above under any one of 1) to 
6) - 

18) A device for determining a concentration of at least one 
target nucleic acid out of plural nucleic acids, comprising: 

a solid support, and 

a like plural number of nucleic acid probes as described 
above under any one of 1) to 6) bound on a surface of the solid 
support such that the concentration of the target nucleic acid 
can be determined by hybridizing the target nucleic acid to the 
corresponding one of the probes and determining a change in an 
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intensity of fluorescence. 

19) A method for determining a concentration of a target 
nucleic acid, which comprises determining the concentration of 
the target nucleic acid or analyzing or determining 
5 polymorphism and/or mutation of the target nucleic acid by using 
a nucleic acid determination .device as described above under 
■It 18) , or a quantitative, polymorphous analysis method of a target 

=i- nucleic acid, which comprises performing a quantitative, 

^ polymorphous analysis of the target nucleic acid by using a 

-10 nucleic acid determination device as described above under 18) . 
20} A nucleic acid determination method, a method for 
analyzing or determining polymorphism and/or mutation of a 
"3 target nucleic acid, or a quantitative, polymorphous analysis 

method as described above under any one of 7) to 14) , wherein 
15 the target nucleic acid is a nucleic acid contained in cells 
derived from a microorganism or animal obtained by single colony 
isolation or a nucleic acid contained in a homogenate of the 
cells . 

21) A method for .determining a concentration of a target 
20 nucleic acid by using PCR, which comprises: 

conducting reactions in PCR by using a nucleic acid probe 
as described above under any one of 1) to 6) , and 

determining an initial concentration of the amplified 
target nucleic acid from percentage of a change in an intensity 
25 of fluorescence occurred as a result of hybridization between 
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the probe and the amplified target nucleic acid. 

22) A method for determining a concentration, of a target _ 

nucleic acid by using PCR, which, comprises: 

conducting reactions in PCR by using as a primer a nucleic 
5 acid probe as described above under any one of 1) to 6), and 
determining an initial concentration of the amplified 
J target nucleic acid from percentage of a change in an intensity 

j of fluorescence occurred as a result of hybridization between 

the primer or an amplified nucleic acid amplified from the 
-10 primer and the amplified target nucleic acid. 
: ; 23) A method for determining an initial concentration of a 

target nucleic acid amplified in PCR, which comprises: 
; : : conducting reactions in PCR by using a nucleic acid probe 

as described above under any one of 1) to 6) ; 
15 measuring an intensity of fluorescence in a reaction 

system in which in a course of a nucleic acid extending reaction, 
the probe has been degraded out by polymerase or in which a 
nucleic acid denaturing reaction is proceeding or has been 
completed and also an intensity of fluorescence in the reaction 
20 system in which the target nucleic acid or amplified target 
nucleic acid is hybridized with the nucleic acid probe; and then 

calculating percentage of a change in the latter 
intensity of fluorescence from the former intensity of 
fluorescence . 

25 24) A method for determining an initial concentration of a 
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nucleic acid amplified in PCR, which comprises; 

conducting reactions in PCR by using, as a primer, a 
nucleic acid probe as described above under any one of I) to 
6) ; 

5 measuring an intensity of fluorescence in a reaction 

system in which the probe and the target nucleic acid or 
amplified nucleic acid have not hybridized with each other and 
also an intensity of fluorescence in the reaction system in 
which the probe and the target nucleic acid or amplified nucleic 

10 acid are hybridized with each other; and then 

calculating percentage of a decrease of the former 
intensity of fluorescence from the latter intensity of 
fluorescence . 

25) A method as described above under 23) or 24) for 

15 determining a concentration of a nucleic acid amplified in PCR, 
wherein the PCR is real-time quantitative PCR. 

26) A method for analyzing data obtained by a nucleic acid 
determination method as described above under any one of 23) 
to 25), further comprising correcting an intensity value of 

20 fluorescence in a reaction system, said intensity value being 
available after the target nucleic acid has hybridized to the 
nucleic acid probe labeled with the fluorescent dye, in 
accordance with an intensity value of fluorescence in the 
reaction system available after a probe-nucleic acid hybrid 

25 complex so formed has been denatured. 
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27) K method for analyzing data obtained by a real-time 
quantitative PGR method as described above under any one of 23) 
to 25) , further comprising, as a correction processing step, 
correcting an intensity value of fluorescence in a reaction 
system, said intensity being available in each cycle after the 
amplified nucleic acid has conjugated to the fluorescent dye 
or after the amplified nucleic acid has hybridized to the 
nucleic acid probe labeled with the fluorescent dye, in 
accordance with an intensity value of fluorescence in the 
reaction system available after a nucleic acid-fluorescent dye 
conjugate or probe-nucleic acid hybrid complex so formed has 
been denatured in the cycle. 

28} A method for analyzing a melting curve of a target nucleic 
acid, which comprises; 

performing PCR on the target nucleic acid by using a 
nucleic acid probe as described above under to any one of 1) 
to 6) ; and 

analyzing the melting curve of the target nucleic acid 
to determine a Tm value of each amplified nucleic acid. 

Numerous advantageous effects have been brought about by 
the present invention as will be set out below. 
1) First aspect of the invention (fluorescence emitting probe ) 

As the probe according to the present invention has been 
obtained by simply binding the fluorescent dye and the quencher 
substance to the single-stranded deoxyribooligonucleotide 
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which does not form any stem loop, the designing of the base 
sequence of a probe which hybridizes to a target nucleic acid 
is not complex and is easy. Further, the emission of 
fluorescence from the fluorescent dye is suppressed by the 
5 quencher substance before the probe hybridizes to the target 
nucleic acid, so that the background of a measurement is 
2 extremely low. Accordingly, the measurement of the target 

■,t\ nucleic acid is accurate. Moreover, the measurement is simple 

/: and can be conducted in a short time. 

-.10 2) Second aspect of the invention (fluorescence quenching 
probe) 

(1) The probe according to the present invention has been 
obtained by simply binding the specific fluorescent dye to the 
single-stranded deoxyribooligonucleotide . The probe is 

15 designed such that the intensity of fluorescence decreases when 
the reaction system changes from a non-hybridisation system to 
a hybridization system. Therefore, the designing of the probe 
is not complex and is easy, As a consequence, the measurement 
of a target nucleic acid is accurate and simple. 

20 {2} In particular, the fluorescence quenching probe 

according to the present invention, which comprises the 
chemically-modified oligonucleotide or the like, or the 
fluorescence quenching probe according to the present invention, 
which comprises the chimeric oligonucleotide, has been 

25 developed for the determination of RNA having a complex 
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structure, especially a nucleic acid such as tRNA. This 
invention has made it possible to determine such a nucleic acid 
easily, simply and accurately. 

3) Third aspect of the present invention (the invention relating 
to use of the above-described fluorescence emitting probe 
and fluorescence quenching probe according to the present 
invention) 

(1) Use of fluorescence emitting probes or fluorescence 
quenching probes according to the present invention makes it 
possible to simply and easily produce a determination kit for 
determining a concentration of a target nucleic acid, said kit 
including or being accompanied by such probes, or a nucleic acid 
chip or nucleic acid device such as a DNA chip with the probes 
bound thereon. 

(2) Since use of the method, determination kit, nucleic 
acid chip or nucleic acid device according to the present 
invention does not require an operation such as that needed to 
remove unreacted nucleic acid probe from a determination system, 
the concentration of a target nucleic acid can be determined 
in a short time and with ease. 

(3) When applied to a co-cultivation system of 
microorganisms or a symbiotic cultivation system of 
microorganisms, the viable count of a particular microorganism 
strain in the system can be specifically measured in a short 
time . 
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(4) Further, the present invention has also made it 
possible to simplify, with improved accuracy, determination of 
polymorphism, such as SNP (single nucleotide polymorphism) , or 
mutation of a target nucleic acid. 
5 (5) Further, the quantitative PCR method making use of 

probes of the present invention has the following advantageous 
II effects : 

"J a- As the quantitative PCR method does not involve 

il addition of any factor which may act in an inhibitive 

'10 manner on amplification of a target nucleic acid by 

;;; Taq DNA polymerase, quantitative PCR can be conducted 

i : under similar conditions as conventionally-known 

:.- usual PCR having specificity. 

b. The specificity of PCR can be maintained high, so that 
15 amplification of primer dimer is retarded. Compared 

with conventionally-known quantitative PCR, the 
quantitation limit can be lowered on the order of 
about one digit. 

c. It is no longer required to provide a complex nucleic 
20 acid probe. It is, therefore, possible to save time 

and cost which would otherwise be required for such 
a complex nucleic acid probe. 

d. A target nucleic acid can be effectively amplified, 
so that the amplification step can be monitored in 

25 real time . 
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(6) The present invention has also provided the method for 
analyzing data obtained by real-time quantitative PCR which 
makes use of fluorescence emitting probes or fluorescence 
quenching probes according to the present invention. 
5 (7) The data analysis method according to the present 
invention can be used to prepare a working line for the 
"J determination of the number of copies of a nucleic acid in a 

nucleic acid sample of unknown nucleic acid copy number. This 
.:- working line has a correlation coefficient which is far higher 

-.10 than those available by conventional methods. Use of the data 
III analysis method according to the present invention, therefore, 

makes it possible to accurately determine the number of copies 
of nucleic acid. 

(8) A working line the correlation efficient of which is high 
15 can be automatically prepared by the use of the data analysis 

software relating to the analysis method of data obtained by 
real-time quantitative PCR, the computer-readable recording 
medium with the procedures of the analysis method recorded as 
a program therein, or the determination or analysis system for 
20 the real-time quantitative PCR. The data analysis software, 
computer-readable recording medium, and the determination or 
analysis system all pertain to the present invention. 

(9) Further, use of the novel method according to the present 
invention for the analysis of the melting curve of a nucleic 

25 acid makes it possible to determine the Tm value of the nucleic 
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acid with high, accuracy. Moreover, use of the data analysis 
software for the method, the computer -readable recording medium 
with the procedures of the analysis method recorded as a program 
therein, or the determination or analysis system for the 
6 real-time quantitative PCR makes it possible to obtain an 
accurate Tm value. 

j- (10) Quantitative, polymorphous analysis method 

\\ Determination of the amount of a target gene or the 

polymorphous composition of the gene is performed with respect 

10 to the nucleic acid after amplifying the nucleic acid by the 
novel quantitative PCR method of the present invention. The 
amplified nucleic acid is modified with the fluorescent dye. 

X As the fluorescent dye can be analyzed as a marker in the 

polymorphous analysis, the polymorphous analysis can be 

15 conducted easily and quickly with good quantitativeness . 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG . 1 diagrammatically shows changes in the intensity 
of fluorescence in a solution system with a nucleic acid probe 
20 according to the present invention contained therein when a 
target nucleic acid was added, in which time (sec) is plotted 
along the abscissa and intensities of fluorescence are plotted 
along the ordinate; 

FIG. 2 shows a working curve for a target nucleic acid 
25 by a nucleic acid probe according to the present invention, in 
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which concentrations of the target nucleic acid are plotted 
along the abscissa and intensities of fluorescence are plotted 
along the ordinate; 

FIG, 3 illustrates probe designs and target nucleic acid 
designs for studying effects of the distance (the number of 
bases) between a fluorescent dye {Texas Red) and a quencher 
substance {Dabcyl) on the emission of fluorescence from a 
fluorescence emitting probe making use of interaction between 
the fluorescent dye and the quencher substance; 

FIG. 4 is a diagram illustrating effects of the distance 
(the number of bases) between the fluorescent dye (Texas Red) 
and the quencher substance (Dabcyl) on the emission of 
fluorescence from the fluorescence emitting probe making use 
of interaction between the fluorescent dye and the quencher 
substance, in which: 

Open column: Fluorescence intensity after hybridization 
{absolute value of fluorescence intensity, 
measuring wave length: 623.5 run), 
Closed column: Fluorescence intensity before 
hybridization (absolute value of 
fluorescence intensity, measuring wave 
length: 623.5 run), and 

# : Fluorescence intensity before 

hybridization/fluorescence intensity after 
hybridization; 
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FIG, 5 illustrates probe designs, in each of which bases 
in a deoxyribooligonucletide chain were modified with both 
fluorescent dye {Texas Red) and quencher substance {Dabcyl), 
respectively, and target nucleic acid designs; 
5 FIG. 6 is a diagram illustrating effects of the distance 

(the number of bases) between the fluorescent dye (Texas Red) 
"I and the quencher substance (Dabcyl) on the emission of 

fluorescence as observed using a probe in which bases in a 
deoxyribooligonucletide chain were modified with both of the 
=10 fluorescent dye and the quencher substance, respectively; 

FIG. 7 is a diagram showing measurement data of 
\l fluorescence intensity when the sequence of bases in 16S rRNA 

of Escherichia coli, said bases ranging from the 335 trt base to 
the 353 th base as counted from the 5' end, was determined using 
15 a nucleic acid probe obtained in Example 7; 

FIG. 8 diagrammatically illustrates effects of heat 
treatment of a target nucleic acid on hybridization of a 
35-nucleotides-chained 2-0-Me probe to the target nucleic acid, 
in which: 

20 Dashed curve: rRNA was added as a target nucleic acid 

subsequent to its heat treatment, and 
Solid curve: rRNA not subjected to heat treatment; 
FIG. $ diagrammatically shows effects of the number of 
bases in a nucleotide chain of a probe, a helper probe and 
25 methylation of an OH group on the 2' carbon of ribose at the 5' end 
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of the probe on the hybridization between the probe and a target 
nucleic acid, 1SS rRNA, in which: 
Ref: Reference 

In the references of the probes A f B, 35-base 
5 oligonucleotide was used as a target nucleic acid. 

In the references of the probes C,D, 17-base 
J oligonucleotide was used as a target nucleic acid; 

FIG. 10 shows a working curve for rRNA assay by an 
invention method; 
"10 FIG. 11 diagrammatic-ally shows analysis results of the 

:j: time-dependent rRNA amount of strains, KYM-7 and KYM-8, in 

^ co-cultivation by a FISH method according to the present 

invention; 

FIG. 12 is a schematic illustration of a DNA chip 
15 according to the present invention, in which MP-1GMK-PG 
microheaters were used; 

FIG. 13 is a schematic illustration of equipment for an 
SNAPs detection or determination making use of the DNA chip 
according to the present invention; 
20 FIG. 14 is a diagram showing experimental results of the 

SNAPs detection or determination making use of the DNA chip 
according to the present invention; 

FIG. 15 diagrammatically illustrates a relationship 
between cycles and a decrease in fluorescence emission from a 
25 fluorescent dye in a quantitative PCR method making use of 
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primers 1 and 2 labeled with "BODIPY FL/C6", in which signs CD 
to ® have the following meanings : 

© Number of copies of E. coli genome DNA: 

primer: primer 1 + primer 2. 
<D Number of copies of E. coli genome DNA: 2.4 x 10 s ; 

primer: same as above. 
<3> Number of copies of E. coli genome DNA: 2.4 x 10 5 ; 

primer: same as above. 
<D Number of copies of E. coli genome DNA: 2.4 x 10 4 ; 

primer: same as above. 
© Number of copies of E. coli genome DNA: 2.4 x 10 3 ; 

primer: primer 1. 
<D Number of copies of E. coli genome DNA: 2.4 x 10 2 ; 

primer: same as above. 
© Number of copies of S. coli genome DNA: 2.4 x 10 1 ; 

primer: same as above. 
® Number of copies of E. coli genome DNA: 2.4 x 10°; 

primer: same as above. 
FIG. 16 diagrammatically shows a relationship between 
cycles and the logarithm of a decrease in fluorescence emission 
from a fluorescent dye in the quantitative PCR making use of 
primers 1 and 2 labeled with ^BODIPY FL/C6", in which signs CP 
to © have the same meanings as defined above in connection with 
FIG. 15; 

FIG. 17 is a diagram showing a working line for 16S rDNA 
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of Escherichia coll, which was prepared using the quantitative 
PCR according to the present invention? 

FIG. 18 (upper diagram) depicts decreases (%} in 
fluorescence intensity in real-time quantitative PGR according 
to the present invention in which a single probe of the present 
invention was used as opposed to two probes labeled with a 
fluorescent dye amd required for a conventional real-time 
quantitative PCR method using FRET; 

FIG. 18 {lower diagram) shows a working line prepared by 
calculating numbers of cycles (threshold numbers: Ct values) 
at which decreases in fluorescence intensity were begun to be 
significantly observed; 

FIG. 19 depicts fluorescence decrease curves obtained by 
real-time quantitative PCR, which used an invention primer 
labeled with "BQDIPY FL/C6", without performing correction 
processing according to the present invention, in which: 

■ Target nucleic acid: 10 copies; Temperature of the 
reaction system upon measurement of fluorescence 
intensity: 12V,. 
# Target nucleic acid: 100 copies? Temperature of the 
reaction system upon measurement of fluorescence 
intensity: 12°C. 
A. Target nucleic acid: 1,000 copies; Temperature of the 
reaction system upon measurement of fluorescence 
intensity: 7 2*C. 
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♦ Target nucleic acid: 10,000 copies; Temperature of 
the reaction system upon, measurement of fluorescence 
intensity: 72*0. 
□ Target nucleic acid; 10 copies; Temperature of the 
5 reaction system upon measurement of fluorescence 

intensity: 95^. 

-"I- O Target nucleic acid: 100 copies; Temperature of the 

i- reaction system upon measurement of fluorescence 

intensity: 95°C. 

"10 A Target nucleic acid: 1,000 copies; Temperature of the 

reaction system upon measurement of fluorescence 
= -i; intensity; 95*0. 

O Target nucleic acid; 10,000 copies; Temperature of 
the reaction system upon measurement of fluorescence 
15 intensity: 95*0. 

FIG. 20 shows fluorescence decrease curves obtained by 
the real-time quantitative PCR in FIG. 19 except that on each 
of the curves, each decrease (%) in fluorescence emission was 
corrected assuming that the corresponding value in the 10 th cycle 
20 was 1, in which: 

■ Target nucleic acid: 10 copies; Temperature upon 

measurement of fluorescence intensity: 72X1. 
# Target nucleic acid: 100 copies; Temperature upon 
measurement of fluorescence intensity: 72^. 
25 A Target nucleic acid: 1,000 copies; Temperature upon 
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measurement of fluorescence intensity; 72^. 

♦ Target nucleic acid: 10,000 copies; Temperature upon 
measurement of fluorescence intensity: 12X^. 

FIG. 21 shows curves obtained by calculating, with 
respect to the individual plotted values an the respective 
curves in FIG. 20, the rates of decreases (the rates of changes) 
in fluorescence intensity in accordance with the formula (9) 
and then plotting the thus-calculated values, in which: 

■ Target nucleic acid: 10 copies. 

• Target nucleic acid: 100 copies. 
A Target nucleic acid: 1,000 copies. 

♦ Target nucleic acidr 10,000 copies. 

FIG. 22 shows a working line for human genome DNA as 
obtained from the data in PIG. 21, in which: 

y: Number of copies of human j3 -globin gene, 

x: cycles (Ct) , and 

R*: correlation coefficient. 

FIG , 23 depicts curves obtained by subjecting the 
measurement values in the individual cycles in FIG . 19 to 
correction processing in accordance with the formula (1) and 
then plotting the corrected values relative to their 
corresponding cycle s, in which: 

■ Target nucleic acid: 10 copies. 

# Target nucleic acid: 100 copies. 
A Target nucleic acid: 1,000 copies. 
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♦ Target nucleic acid; 10,000 copies. 

FIG. 24 illustrates curves obtained by plotting values, 
which had been obtained by processing the processed values of 
the individual cycles in FIG. 23 in accordance with the formula 
(3), against their corresponding cycles, in which 
■ Target nucleic acid: ID copies. 

♦ Target nucleic acid: 100 copies. 
A Target nucleic acid: 1,000 copies. 

♦ Target nucleic acid: 10,000 copies. 

FIG. 25 shows curves obtained by subjecting the corrected 
values in the individual cycles in FIG. 24 to correction 
processing in accordance with the formula (6) and then plotting 
the corrected values relative to their corresponding cycles, 
in which: 

M Target nucleic acid: 10 copies. 

♦ Target nucleic acid: 100 copies. 

▲ Target nucleic acid: l r 000 copies. 

♦ Target nucleic acid: 10,000 copies. 

FIG. 2 6 shows working lines drawn corresponding to 0.1, 
0.3, 0.5, 0.7, 0.9 and 1.2 chosen at will as candidates for Ct 
values from the respective values of log (changes in 
fluorescence, %) in FIG. 24, in which the individual working 
lines have the following correlation coefficients: 

▲ log 10 (change in fluorescence, %) « 0.1; 
correlation coefficient: 0.998 
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■ log 10 (change in fluorescence, %) = 0-3; 

correlation coefficient: 0.999 
# log 10 (change in fluorescence, %) = 0.5; 

correlation coefficient: 0.9993 
A log 10 (change in fluorescence, %) =0.7 

correlation coefficient: 0.9985 
□ loguj (change in fluorescence, %} ^0.9 

correlation coefficient: 0.9989 
O log 10 (change in fluorescence, %} - 1.2 

correlation coefficient: 0.9988 
FIG. 27 depicts fluorescence decrease curves when 
real-time quantitative PGR was conducted on human genome DNA 
of 1 copy and 10 copies by using an invention primer labeled 
with "bOdipy FL/C6" and the correction processing of the formula 
(1) was applied, in which: 

1: target nucleic acid = 0 copy, 

2: target nucleic acid - 1 copy, and 

3: target nucleic acid = 10 copies; 

FIG. 28 illustrates melting curves of nucleic acids when 
a melting curve analysis was conducted with respect to the PCR 
amplification products shown in FIG. 27, in which: 

1: target nucleic acid = 0 copy, 

2: target nucleic acid = 1 copy, and 

3: target nucleic acid = 10 copies; 

FIG. 29 illustrates curves obtained by differentiating 



31 



the curves of FIG . 2 8 and showing Tm values as valleys , in which : 
2: target nucleic acid: 1 copy, and 
3: target nucleic acid: 10 copies; 

FIG. 30 shows am.pl ifi cation curves of 16S rRNA genes 
(cDNAs) obtained using quantitative PCT according to the 
present invention, in which: 

Solid carves: eDNA of Escherichia coli 

Dotted curve; Polymorphous cDNA 

10 2 , 10\ 10% 10\ 10 s : Numbers of copies; 

FIG. 31 illustrates a working line fox cDNA, which was 
prepared by a data analysis method according to the present 
invention,- in which: 

a: 288,000 copies; 

FIG. 32 illustrates an analysis pattern by polymorphous 
T-RELP according to the present invention, in which 
bp: Number of base pairs; 

FIG . 33 diagrammaticaliy illustrates results of 
quantitative PCR making use of a fluorescence emitting probe 
as a primer (fluorescence emitting primer) (exponential graph) ; 

FIG. 34 shows a working line fo£ 16S rRNA gene 
(fluorescence emitting primer: 0 uM) , in which: 

A; Number of copies in an artificial co-cultivation 
system of microorganisms (about 296,000 copies); 
FIG. 35 (upper diagram) illustrates results of real- 
time monitoring on PCR amplification products obtained by 
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real-time quantitative PCE making use of a fluorescence 
emitting primer; 

FIG. 35 (lower diagram) shows a working line obtained by 
the real-time monitoring; 
5 FIG. 36 di a grammatically shows results of an SNPs 

detection by a fluorescence emitting probe, in which: 

? - : 100% matching target nucleic acid (denaturation 

S curve from a fluorescence emitting probe) , 

: Target nucleic acid containing single 

-•10 nucleotide polymorphism (denaturation curve from a 
fluorescence emitting probe) , 

r- : 100% matching target nucleic acid 

(danaturation curve from a fluorescence quenching probe) , 

: Target nucleic acid containing single 

15 nucleotide polymorphism (denaturation curve from a 
i fluorescence quenching probe) , 

' A: Percent fluorescence emission - data of fluorescence 

emitting probe, 
B: Relative value of fluorescence - data of fluorescence 
20 quenching probe, 

a: About 4 6^, and 
b: About 4 6^C; 

FIG. 37 diagrammatically illustrates results of an SNPs 
detection by a DNA chips with fluorescence emitting probes fixed 
25 thereon, in which: 
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■ : No. 1 100% matching 

□ : No . 1 1 base mismatched 

▲ : No. 2 100% matching 

.....A - : No. 2 1 base mismatched. 

5 • : No. 3 100% matching 

O ; Wo. 3 1 base mismatched 

J ♦ : No. 4 100% matching 

=: <£> : No. 4 1 bass mismatched 

: No. 5 100% matching 

!0 ; No. 5 1 base mismatched; 

FIG, 3d diagrammatically shows results of real-time 
== monitoring of PGR reaction using a DNA array having fixed 

fluorescence emitting probes and fluorescence quenching probes, 
in which: 

15 Closed square: WIAF-10600 (No. 1) 

I Open square: WIAF-10578 (No. 2) 

~ Closed circle: WIAF-10600 CNo. 3) 

Open circle: WIAF-10578 (No. 4) 

Fn: Relative fluorescence rate at n cycle 

20 Rn: Fluorescent quenching rate at n cycle; 

and 

FIG. 39 depicts melting curves of PGR products using a 
DNA array having fixed fluorescence emitting probes and 
fluorescence quenching probes, in which; 
25 Closed square: WIAF-10600 (No. 1) 
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Open square: WIAF-10578 (No. 2) 
Closed circle: WIAF-10600 {No. 3) 
Open circle: WIAF-1057 8 (No. 4) 

Fn, Rn: Same meanings as defined above in 

connection with FIG. 38. 

DETAILED DESCRIPTION OF THE INVENTION 
AMD PREFERRED EMBODIMENTS 

The present invention will next be described in further 
detail based on certain preferred embodiments . 

The present invention has three aspects. 

The present invention, in the first aspect thereof/ 
relates to a novel nucleic acid probe for determining a 
concentration of a target nucleic acid, comprising: 

a single-stranded oligonucleotide capable of hybridizing 
to the target nucleic acid, and 

a fluorescent dye and a quencher substance, both of which 
are labeled on the oligonucleotide, 

wherein the oligonucleotide is labeled with the 
fluorescent dye and the quencher substance such that an 
intensity of fluorescence in a hybridization reaction system 
increases when the nucleic acid probe is hybridized with the 
target nucleic acid; and the oligonucleotide forms no stem- 
loop structure between bases at positions where the 
oligonucleotide is labeled with the fluorescent dye and the 
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quencher substance, respectively, For the saka of brevity, the 
nucleic acid probe according to the present invention may 
therefore be called a "fluorescence emitting probe" or a 
"nucleic acid probe according to the first aspect of the present 
invention" in the subsequent description. 

The present invention, in the second aspect thereof, 
relates to a nucleic Acid probe labeled with a fluorescent dye, 
which is characterized in that, when the nucleic acid probe 
hybridises to a target nucleic acid, emission of fluorescence 
from the fluorescent dye decreases after the hybridization. It 
is to be noted that the nucleic acid probe according to the 
present invention may also be called a "fluorescence quenching 
probe" or a "nucleic acid probe according to the second aspect 
of the present invention" for the sake of brevity. 

The present invention, in the third aspect thereof, 
relates to a variety of use of the fluorescence emitting probe 
and fluorescence quenching probe. 

A description will now be made about technical terms 
employed in the present invention. 

The term ""probe-nucleic acid hybrid complex" as used 
herein means one (complex) in which a nucleic acid probe 
according to the present invention, which is labeled with a 
fluorescent dye, and a target nucleic acid are hybridized with 
each other. For the same of brevity, it will be called a 
"nucleic acid hybrid complex" in a shortened form* 
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Further, the term "fluorescent dye-nucleic acid 
conjugate" as used herein means a conjugate in which a 
fluorescent dye is bound with a target nucleic acid. 
Illustrative is a conjugate in which an intercalates is bound 
5 in a double-stranded nucleic acid. 

The terms as used herein - such as to hybridize, 
hybridization, stem-loop structures, quenching, quenching 
effects, DNAs, RNAs, cDNAs, mRNAs, rRNAs , XTFs, dXTPs, NTFs, 
dNTPs, nucleic acid probes, helper nucleic acid probes (or 

10 nucleic acid helper probes, or simply helper probes), to 

hybridize, hybridization, intercalators, primers, annealing, 
extending reactions, thermal denaturing reactions, nucleic 
acid melting curves, PCR, RT-PCR, RNA-primed PCR, stretch PCR, 
reverse pgr, PCR using Alu sequence (a) , multiple PCR, PCR using 

15 mixed primers, PCR using PNA, hybridization assays, FISH 

methods (fluorescent in situ hybridization assays) , PCR methods 
{polymerase chain assays) , LCRmethods < ligase chain reactions} , 
SD methods (strand displacement assays), competitive 
hybridization, DNA chips, nucleic acid detecting (gene- 

20 detecting) devices, SNP ( single nucleotide polymorphism) , and 
co-cultivation systems of plural microorganisms - have the same 
meanings as the corresponding terms generally employed these 
days in molecular biology, genetic engineering, bioengineering 
and the like. 

25 The term "target gene" or "target nucleic acid"" as used 
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herein means a gene or a nucleic acid the quantitation or 
qualitative detection or mere detection of which is intended, 
irrespective whether it is in a purified form or not and further 
irrespective of its concentration. Various other nucleic 
5 acids may also exist together with the target nucleic acid, for 
example, the target nucleic acid may be a specific nucleic acid 

1 in a co-cultivation system microorganisms (a mixed system of 

RNAs or gene DNAs of plural microorganisms) or a symbiotic 
cultivation system of microorganisms (a mixed system of RNAs 

10 or gene DNAs of plural animals, plants and/or microorganisms}., 
the quantitation or qualitative detection or mere detection of 
which is intended. Purification of the specific nucleic acid, 
if needed, can be conducted by a method known per se in the art. 
For example, purification can be effected using a purification 

15 kit or the like available on the market. Specific examples of 
the above-described nucleic acid can include DiflAs, RNAs, PNAs, 
oligodeoxyribonucleotides, and oligoriboxynucleotides . 
Other examples can include chimera nucleic acids of the 
above -exemplified nucleic acids. 

20 The expression "to determine a concentration of a target 

nucleic acid" as used herein means to quantitatively determine 
concentration (s) , to perform qualitative detection, to simply 
detect, or to perform an analysis for polymorphism and/or 
mutation, all with respect to one or more nucleic acids in a 

25 measurement system. In the case of plural nucleic acids, 



quantitative detection of the plural nucleic acids at the same 
time, simple detection of the plural nucleic acids at the same 
time and an analysis for the polymorphism, mutation and/or the 
like of the plural nucleic acids at the same time obviously fall 
within the technical scope of the present invention- 

The term "device for the measurement cf a concentration 
of a target nucleic acid 1 " as used herein mean various DN& chips. 
Specific examples of the device can obviously include a variety 
of DMA chips. The present invention include all DNA chips 
irrespective of their types insofar as the nucleic acid probe 
according to the present invention can be applied to them. 

The expression "method for determining a concentration 
of a target nucleic acid by using a nucleic acid probe labeled 
with a fluorescent dye (hereinafter simply called a "nucleic 
acid probe according to the present invention" or a "probe 
according to the present invention" means to determine the 
concentration of the target nucleic acid by a hybridization 
assay, FISH method < fluorescent in situ hybridization assay), 
PGR method (polymerase chain assay), LCR method {ligase chain 
reaction), SD method (strand displacement assay) , competitive 
hybridization or the like. 

A description will first be made of the fluorescence 
emitting probes. 

This probe is characterized in that, when the probe is 
not hybridized with a target nucleic acid, emission of 
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fluorescence from the fluorescent dye is inhibited by the 
quencher substance but, when the probe is hybridized with the 
target nucleic acid, the inhibition is rendered ineffective to 
result in an increase in the intensity of fluorescence. 

The term, ""fluorescent dye" as used herein means 
fluorescent dyes of the like, which are generally used for the 
determination or detection of nucleic acids by labeling nucleic 
acid probes. Illustrative of such fluorescent dyes are 
fluorescein and derivatives thereof [for example, fluorescein 
isothiocyanate (FITC) and its derivatives]; Alexa 4B8, Alexa 
532, cy3, cy5, 5-joe, EDANS; rhodamine 6G (R6G) and its 
derivatives [for example, tetramethylrhodamine (TMR) , 
tetramethylrhodamine isothiocyanate (TMRITC) , x-rhodamine, 
Texas red, "BODIPYFL" (tradename, product of Molecular Probes, 
Inc. {Eugene, Oregon, U.S.A.), "BODIFY FL/C3" (trade nams, 
product of Molecular Probes, Inc.), "BODIPY FL/C6" (tradename, 
product of Molecular Probes, Inc.), "BODIPY 5-FAM" (tradename, 
product of Molecular Probes, Inc.), "BQDIPY TMR'' {trade name, 
product of Molecular Probes, Inc.), and derivatives thereof 
(for example, "BODIPY TR" (trade name, product of Molecular 
Probes, Inc.), vv BODIPY R6G" (trade name, product of Molecular 
Probes, Inc.), v BODIPY 564" (tradename, product of Molecular 
Probes, Inc.), and "BODIPY 581" (trade name, product of 
Molecular Probes, Inc.) ] . Among these, FITC, EDANS, Texas red, 
6-joe, TMR, Alexa 488, Alexa 532, "BODIPY FL/C3" and "BODIPY 
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FL/C6" are preferred, with EDANS, Texas red, FITC, TMR, 6-jce, 

"BODIPY FL/C3" and "BQDIFY FL/C6" being more preferred. 

The term v quencher substance" means a substance which 

acts on the above-described fluorescent dye and inhibits or 
5 quenches emission of fluorescence from the fluorescent dye. 

Illustrative are Dabcyl, "QSY7" (Molecular Probes), ^QSY33" 
™ (Molecular Probes) r Ferrocene and its derivatives, methyl 

y- viologen, and N, N' -dimethyl-2, 9-diazopyren.ium, with Dabcyl 

and the like being preferred. 
-10 By labeling an oligonucleotide at specific positions 

thereof with such fluorescent dye and quencher substance as 
';. described above, the emission of fluorescence from the 

fluorescent dye is subjected to quenching effect by the quencher 

Substance. 

15 The expression ^single-stranded oligonucleotide, which 

forms a nucleic acid probe according to the present invention 
and forms no stem-loop structure between bases at positions 
where the oligonucleotide is labeled with the fluorescent dye 
and the quencher substance, respectively" means an 

20 oligonucleotide which - owing to the complementation of base 
sequences at at least two positions between the bases at 
positions where the oligonucleotide is labeled with the 
fluorescent dye and the quencher substance, respectively - 
forms double strands in its own chain and forms no stem-loop 

25 structure . 
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To label an oligonucleotide useful in the practice of the 
present invention with a fluorescent dye and a quencher 
substance such that the intensity of fluorescence in a 
hybridization reaction system increases when the resulting 
nucleic acid probe according to the present invention is 
hybridized with a target nucleic acid, the labeling can be 
conducted as will be described hereinafter. 

The distance between the bases at the positions where the 
single-stranded oligonucleotide is labeled with the 
fluorescent dye and the quencher substance, respectively, is 
zero (0] in terms of the number of bases, that is, the 
single-stranded oligonucleotide is labeled at the same position 
of the same nucleotide thereof with the fluorescent dye and the 
quencher substance. As an alternative, the distance is 1 to 
20 or { (a desired integer of from 3 to 8 } + 10n} <n: an integer 
> 0) in terms of the number of bases. More preferably, the 
single-stranded oligonucleotide can be labeled at the same 
position of the same nucleotide thereof or can be labeled with 
a distance of from 4 to 8 . It is desired to label an 
oligonucleotide with a fluorescent dye and a quencher substance, 
respectively, as described above. However, the distance 
between the bases depends strongly upon the base sequence of 
the probe, the fluorescent dye and quencher substance to be used 
for modification, the lengths of linkers adapted to bind them 
to the oligonucleotide, and the like. It is, therefore, 
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difficult to fully specify the base-to-base distance. It is 
to be noted that the above-described base-to-base distances are 
merely general examples and the distance between the bases 
includes many exceptions. 
5 Concerning the labeling positions,, it is preferred that, 

when a single-stranded oligonucleotide is labeled at the 
position of the same nucleotide thereof, one of a fluorescent 
dye and a quencher substance is labeled to a base and the other 
is labeled to a portion other than bases, specifically to a 
10 phosphate portion or to a ribose portion or deoxyribose portion . 
In this case, labeling to the 3' end portion or 5' end portion 
is preferred. 

When it is desired to sat the distance between the bases 
labeled with the fluorescent dye and quencher substance, 

15 respectively, at 1 to 20 or { (a desired integer of from 3 to 
8) + IQn} (n: an integer > 0) , preferably at 4 to 8 or a number 
obtained by adding 10 to a desired number in this range, more 
preferably at 4 to S in terms of the number of bases, the 
oligonucleotide may be labeled in its chain with both of the 

20 fluorescent dye and quencher substance or may be labeled at the 
5 f end or 3' end thereof with one of the fluorescent dye and 
quencher substance and in the chain thereof with the other one. 
It is preferred to label the oligonucleotide at the 5' end or 
3' end thereof with the fluorescent dye or the quencher substance 

25 and at a base, which is apart by the above-described number of 
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bases from the end, with the quencher substance or the 
fluorescent dye - When it is desired to label the 3' end or 5 f end 
in this case, the labeling can be effected to a base, a phosphate 
portion, a ribose portion or a deoxyribose portion, preferably 
5 to the phosphate portion, the ribose portion or the deoxyribose 
portion, more preferably to the phosphate portion. When it is 
J! desired to conduct the labeling into the chain, the labeling 

uj can be effected preferably to bases in the chain. 

Ill When the bases are modified in each of the above-described 

SB-0 cases, the modification can be effected to any bases insofar 
O as the modification is feasible- It is, however, preferred to 

fll effect the modification to the OH group, amino group, 2-N, 7-N 

O and/or 8-C of a purine base or to the OH group, amino group, 

methyl group and/or 2-N of a pyrimidine base [ANALYTICAL 
15 BIOCHEMISTRY, 225, 32-38 (1998)]. 

The nucleic acid probe according to the present invention, which 
is to be hybridized to the target nucleic acid, may be formed 
of either an oligodeoxyribonucleotide or an 
oligoribonucleotide. The nucleic acid probe may be a chimeric 
20 oligonucleotide which contains both of them. These 

oligonucleotides may be in chemically-modified forms. Such 
chemically-modified oligonucleotides may be inserted in 
chimeric oligodeoxynucleotides . 

Examples of the modified positions of the chemically- 
25 modified oligonucleotide can include an end hydroxyl group or 
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end phosphate group of an end portion of an oligonucleotide, 
the position of a phosphate portion of an internucleoside, the 
5-carbon of a pyrimidine ring, and the position of a saccharide 
(ribose or deoxyribose) in a nucleoside. Preferred examples 
are the positions of ribose or deoxyribose. Specific examples 
can include 2' -O-alkyloligoribonucleotides (~2'~Q- W will 
hereinafter be abbreviated as "2-0-"}, 2-0-alkyleneoligo- 
ribomieleotides, and 2~o-benzyloligoribonucieotides . The 
oligonucleotide is modified at the OH group (s) on the 
2' carbon (s) o£ one or more ribose molecules at desired positions 
thereof with alkyl group<s), alkylene group(s) or benzyl 
group (s) (via ether bond(s) ) . Preferred examples useful in the 
present invention can include, among 2-0-alkyloligo- 
ribonucleotides, 2-0-methyloligoribonucleotide, 2-0-ethyl- 
oligoribonucleotide and 2-0-butyloligoribonucleotide ; among 
2-0-alkyleneoligoribonucleot ides , 2-0-ethyleneoligo- 
ribonucleotide; and 2-0-benzyloligoribonucleotide . 
Particularly preferably, 2-O-methyloligoribonucleotide 
(hereinafter simply abbreviated s "2-0-Me-oligo- 
ribonucleotide") can be used. Application of such chemical 
modification to an oligonucleotide enhances its affinity with 
a target nucleic acid so that the efficiency of hybridization 
with a nucleic acid probe according to the present invention 
is improved. The improved efficiency of hybridization leads 
to a further improvement in the rate of a decrease in the 



45 



intensity of fluorescence from the fluorescent dye of the 
nucleic acid probe according to the present invention. As a. 
consequence, the accuracy of determination of the concentration 
of the target nucleic acid is improved further. 

Incidentally, it is to be noted that the tern 
"oligonucleotide" as used herein means an oligodeoxy- 
ritaonucleotide or an oligoribonucleotide or both of them and 
hencs, is a generic term for them, 

2-0-alkyloligoribonucleotides , 2-0-al3cyleneoligo- 
ribonucleotides and 2-0-benzyloligoribonucleotide can' be 
synthesized by a known process [Nucleic Acids Research, 26, 
2224-2225 (1998)]. As custom DNA synthesis services are 
available from GENSET SA, Paris, France, they can be readily 
obtained. The present inventors have completed the present 
invention by conducting experiments with the compounds 
furnished by this company pursuant to our order. 

Incidentally, use of a nucleic acid probe according to 
the present invention with modified DNA, such as 2-0- 
methyloligoribonucleotide (hereinafter simply called "2-0- 
Me-oligoribonucleotide) , inserted in an 

oligodeoxyribonucleotide primarily for the determination of 
RNA, especially for the determination of rRNA can provide 
preferred results* 

Upon determination of RNA by the nucleic acid probe 
according to the present invention, it is preferred to subject 
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an RNA solution as a sample to heat treatment at 80 to 100*0, 
preferably 90 to lOOt, most preferably 93 to 9712 for 1 to 15 
minute?, preferably 2 to 10 minutes, most preferably 3 to 7 
minutes before hybridization with the probe such that the 
higher-order structure of RtfA can be degraded, as this heat 
treatment makes it possible to improve the efficiency of 
hybridization . 

It is also preferred to add a helper probe to a 
hybridization reaction mixture for raising the efficiency of 
hybridization of the nucleic acid probe of this invention to 
the hybridization sequence region. In this case, the 
oligonucleotide of the helper probe can be in an 
oligodeoxyribonucleotide, an oligoribonucleotide or an 
oligonucleotide subjected to similar chemical modification as 
described above. Examples of the above-described 
oligonucleotides can include those having the base sequence of 
£5' )TCCTTTGAGT TCCCGGCCGG A(3' ) as the forward type and those 
having the base sequence of (5 r ) CCCTGGTCGT AAGGGCCATG 
ATGACTTGAC GT (3' ) as the backward type or the reverse type. 
Preferred examples of the chemically-modified oligonucleotide 
can include 2-0-alkyloligoribonucleotides, notably 2~0-Me- 
oligoribonucleotide . 

Where the base strand of the nucleic acid probe according 
to the present invention is formed of 35 or fewer bases, use 
of a helper probe is particularly preferred. When a nucleic 
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acid probe according to the present invention longer than a 
35-base strand is used, however, it may only be necessary to 
thermally denature target RNA in some instances, 

When the nucleic acid probe according to the present 
invention is hybridized to RNA as described above, the 
efficiency of hybridization is enhanced. The fluorescence 
intensity, therefore, decreases corresponding to the 
concentration of UNA in the reaction mixture so that RNA can 
be determined up to a final RNA concentration of about 15 0 pM. 

Accordingly, the present invention also relates to a kit 
for determining a concentration of a target nucleic acid, which 
includes or is accompanied by the above-described helper probe 
in addition to a kit which is adapted to determine the 
concentration of the target nucleic acid the nucleic acid probe 
of the present invention and which includes or is accompanied 
by the nucleic acid probe of this invention. 

In determination of RNA by a conventional hybridization 
assay making use of a nucleic acid probe, an oligodeoxy- 
ribomicleotide or oligoribonucleotide has been used as the 
nucleic acid probe . Because RNA itself has a higher-order solid 
structure, the efficiency of hybridization between the probe 
and the target RNA was poor, resulting in quantitation of low 
accuracy. The conventional methods, therefore, are 
accompanied by irksomeness that a hybridization reaction is 
conducted after denaturing RNA and immobilizing denatured BNA 
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on a membrane. The method according to the present invention, 
on the other hand, uses a nucleic acid probe a ribose portion 
of which has been modified to have high affinity to a particular 
structural part of RNA, so that a hybridization reaction can 
5 be conducted at a higher temperature compared with the 

conventional methods. The above-mentioned adverse effects of 
the high-order structure of RNA can be overcome by simply 
conducting thermal denaturation as pretreatment and using & 
helper probe in combination. As a consequence, the efficiency 

10 of hybridization in the method according to the present 
invention, is practically as high as 100%, leading to 
improvements in the accuracy of quantitation. Further, the 
method according to the present invention is far simpler and 
easier than the conventional methods, 

15 The probe according to the present invention is formed 

of 5 to 50 bases, preferably 10 to 25 bases, most preferably 
15 to 20 bases. A base number greater than 50 leads to lower 
permeability through a cell membrane when employed in the FISH 
method, thereby narrowing an applicable range of the present 

20 invention. A base number smaller than 5, on the other hand, 
tends to induce non-specific hybridization and, therefore, 
results in a large determination error. 

The oligonucleotide in the nucleic acid probe in the 
present invention can be produced by a conventional production 

25 process for general oligonucleotides. It can be produced, for 
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example, by a chemical synthesis process or by a microbial 
process which makes use of a plasmid vector, a phage vector or 
the like (Tetrahedron Letters, 22, 1859-1862, 1981; Nucleic 
Acids Research, 14, 6227-S245, 1986}. Further, it is suitable 
5 to use a nucleic acid synthesizer currently available on the 
market (for example, "ABI394", trade name, manufactured by 
Perkin-Elmer Corp., Norwalk, Connecticut, U.S.A.)- Further, 
there are some enterprises which offer custom DNA synthesis 
services on commercial basis. It is, therefore, most 
10 convenient to conduct only the designing of base sequences and 
to order their synthesis to such enterprises. Illustrative of 
such enterprises are T&kara Shuzo Co., ltd,, Kyoto, Japan and 
Espec Oligo Service Corp., Ibaraki, Japan. 

To label the oligonucleotide with the fluorescent dye and 
15 the quencher substance, desired one of conventionally-known 
labeling inet hods can be used (Nature Biotechnology, 14, 303-308, 
1996; Applied and Environmental Microbiology, 63, 1143-1147, 
1997; Nucleic Acids Research, 24, 4532-4535, 1996). To 
conjugate a fluorescent dye and a quencher substance to the 
20 5' end, a linker or spacer, for example, - (CH a ) n ~SH or - <CH 2 ) n -WH 2 
is first introduced into a phosphate group at the 5 'end by a 
method known per se in the art. As such a linker- or 
spacer-introduced derivative is available on the market, a 
commercial product may be purchased (Midland Certified Reagent 
25 Company) , In the above-mentioned example, n ranges from 3 to 
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8 with 6 or 7 being preferred. The oligonucleotide can be 
labeled by reacting a SH- or HH 2 - reactive fluorescent dye or 
a quencher substance to the linker or spacer. Reversed phase 
chromatography or the like to provide a nucleic acid probe for 
use in the present invention can purify the thus-synthesized 
oligonucleotide, which is labeled with the fluorescent dye. 

Further, to conjugate the fluorescent dye or quencher 
substance to the 3' end of the oligonucleotide, a linker, for 
example, ~{CH 2 ) „-NH 2 or - (CH 2 ) a -SH is introduced onto an OH 
group on the C atom at the 2' -position or 3' -position of ribose 
or onto an OH group on the C atom at the 3' -position of 
deoxyribose. As such a linker-introduced derivative is also 
available on the market like the above-described ones, a 
commercial product may be purchased (Midland Certified Reagent 
Company) . As an alternative, a phosphate group may be 
introduced onto the OH group, followed by the introduction of 
a linker, for example, - <Cfi 2 ) ft -SH or - (CH a ) n -NH 2 onto the OH group 
of the phosphate group. In these cases, n ranges from 3 to 9, 
with 4 to 8 being preferred. The oligonucleotide can be labeled 
by reacting an NH 2 - or SH-reactive fluorescent dye or a quencher 
substance to the linker. 

For the introduction of the amino group, it is convenient 
to use a kit reagent [for example, vv Uni-link Aminomodif ier" 
(trade name, product of Clontech Laboratories, Inc. , Palo Alto, 
California, U.S.A.}, or "FluoReporter Kit F-6082, F-6083, 
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F-6084 or F-10220" (trade name, product of Molecular Probes, 
Inc.)] • In. a manner known per se in the art, molecules of the 
fluorescent dye can then be conjugated to the oligo- 
ribonuclectide . It is also possible to introduce molecules of 
5 the fluorescent dye into strands of the probe nucleic acid 
(ANALYTICAL BIOCHEMISTRY, 225, 32-38, 1998) . 

When it is desired to introduce an amino group onto a 
ribose portion, deoxyribose portion, phosphate portion or base 
portion of an oligonucleotide, a linker, a fluorescent dye or 

10 a quencher substance to enhance its reactivity, use of a kit 
reagent (for example, "Uni-link Aminomodif ier", "FluoReporter 
Kit F-6082, F-6083, F-6084 or F-10220" is convenient. The 
fluorescent dye and the quencher substance can then be bound 
to the oligoribonucleotide by a method known per se in the art. 

15 In the above-described synthesis, the introduction of a 

protecting group to each function group and the elimination of 
the protecting group can be conducted by conventional, known 
methods . 

The oligonucleotide labeled with the fluorescent dye and 
20 the quencher substance can be synthesized as described above. 
It is desired to purify intermediate synthesis products and the 
completed synthesis product by liquid chromatography such as 
reversed phase liquid chromatography. The nucleic acid probe 
according to the present invention can be obtained as described 
25 above . 
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As is appreciated from the foregoing, the nucleic acid 
probe according to the present invention can be designed by 
simply labeling an oligonucleotide/ which has a base sequence 
hybridizable to a target nucleic acid, with a fluorescent dye 
6 and a quencher substance * Its designing is therefore simple. 

The nucleic acid probe according to the present invention 
can be readily can also be readily obtained by ordering its 
synthesis like the synthesis of the oligonucleotide, provided 
that only the designing of the probe can be completed. 
10 A description will next be made about the fluorescence 

quenching probe according to the second aspect of the present 
invention . 

The oligonucleotide of the fluorescence quenching probe 
of this invention, which is hybridized to a nucleic acid, is 
15 similar to that in the above-described fluorescence emitting 
probe. Specifically, it can be a chimeric oligonucleotide or 
a chemically-modified oligonucleotide. As a still further 
alternative, an oligonucleotide with such a chimeric 
oligonucleotide or chemically-modified oligonucleotide 
20 inserted in its chain can also be used. 

The position of the oligonucleotide, where the oligo- 
nucleotide is modified by a fluorescent dye, is the same as that 
of the above-described fluorescence emitting probe. 

Similarly to the above-described invention, it is also 
25 possible to add a helper probe to a hybridization reaction 
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mixture to further improve the efficiency of hybridization of 
the nucleic acid probe of this invention to the hybridization 
sequence region. Further, the base sequence and the number of 
base chains of the helper probe, the usability of a 
chemically-modified oligonucleotide, and the like are also as 
described above in connection with the above-described 
invention. When hybridized to RNA P the efficiency of 
hybridization is increased, the intensity of fluorescence is 
thus decreased corresponding to the amount of RNA in the 
reaction mixture, thereby making it possible to determine RNA 
up to a final concentration of about 150 pM. 

. The thermal modification of RNA and the addition of the 
helper probe in the determination method of RNA by using the 
fluorescence quenching probe of this invention are also similar 
to those described above in connection with the fluorescence 
emitting probe. 

As a consequence, the efficiency of hybridization also 
reaches substantially 100% in this invention method, leading 
to an improvement in quantitativeness . In addition, the method 
is far simpler than the conventional methods. 

The number of bases in the probe according to the present 
invention is similar to that in the above-described invention. 
No particular limitation is imposed on the base sequence of the 
probe insofar as it specifically hybridizes to the target 
nucleic acid. Preferred examples of the base sequence of the 
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probe can include: 

(1} a base sequence designed such that at least one G 
{guanine) base exists in the base sequence of the target nucleic 
acid at a position 1 to 3 bases apart from the end base portion 
of the target nucleic acid hybridized to the probe, 

(2) a base sequence designed such that plural base pairs 
of a nucleic acid hybrid complex forms at least one G (guanine) 
and C (cytokine) pair at an end portion of the probe, and 

(3) a base sequence designed such that in the probe 
modified with the fluorescent label at a portion other than the 
5' end phosphate group or the 3' end OH group, base pairs in the 
fluorescence-labeled portion forms at least one G (guanine) and 
C (cytosine) pair, 

when the nucleic acid probe labeled with the fluorescent 
dye is hybridized with the target nucleic acid. 

The preparation process of the oligonucleotide of the 
nucleic acid probe according to the present invention and the 
labeling method of the oligonucleotide with the fluorescent dye 
are similar to those described above in connection with the 
above-described invention. 

Further, fluorescent dye molecules can also be introduced 
into the chain of the nucleic acid probe [ANALYTICAL 
BIOCHEMISTRY, 225, 32-38 (1998)]. 

The nucleic acid probe according to the present invention 
can be prepared as described above. A preferred probe form is 
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one labeled with a fluorescent dye at the 3' or 5' end and 
containing G or C as the base at the labeled end. If the 5' end 
is labeled and the 3' end is not labeled, the OH group on the 
C atom at the 3' -position of the 3' end ribose or deoxyribose 
5 or the OH group on the C atom at the 2 '-position of the 3 'end 
ribose may be modified with a phosphate group or the like 
although no limitation is imposed in this respect. 

In addition, a nucleic acid probe according to the present 
invention can also be prepared by modifying C or G in the chain 

10 of a probe. 

The present invention, in the third aspect thereof, is 
an invention making use of such fluorescence emitting probes 
and fluorescence quenching probes as described above. 
1) Determination kits and determination devices 

15 A target nucleic acid can be easily and accurately 

determined in a short time when a fluorescence emitting probe 
or a fluorescence quenching probe (hereinafter collectively 
called a '"nucleic acid probe of the present invention" for the 
sake of brevity unless otherwise specifically indicated) is 

20 hybridised with the target nucleic acid and a change in the 
intensity of fluorescence after the hybridization (an increase 
in the intensity of fluorescence in the case of the fluorescence 
emitting probes; a decrease in the intensity of fluorescence 
in the case of the fluorescence quenching probes) is measured. 

25 Use of the nucleic acid probe of the present invention also makes 



56 



it possible to determine RNA although its determination has 
heretofore been difficult. 

Accordingly, the present invention also relates to a kit 
for measuring a concentration of a target nucleic acid, which 
5 includes or is accompanied by the nucleic acid probe according 
to the present invention. 

Use of the nucleic probe according to the present 
invention is not limited to the determination of a nucleic acid, 
but. it can also be suitably applied to methods for analyzing 

10 or determining polymorphism or mutation of a target nucleic acid. 
In particular, its application to a device for the determination 
of a concentration of a target nucleic acid {a DNA chip 
[Tanpakushitsu, Kakusan, Koao (Proteins, Nucleic Acids, 
Enzymes), 43, 2004-2011 (1998) ]} provides a more convenient 

15 device for the determination of the concentration of the target 
nucleic acid. The method for analyzing or determining 
polymorphism and/or mutation of the target nucleic acid by using 
the device is an extremely convenient method. Described 
specifically, when the nucleic acid probe of this invention is 

20 a fluorescence quenching probe, the intensity of fluorescence 
upon its hybridization with the target nucleic acid varies 
depending on whether or not a GC pair is formed. It is, 
therefore, possible to analyze or determine polymorphism and/or 
mutation of a target nucleic acid by hybridizing the nucleic 

25 acid probe according to the present invention to the target 
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nucleic acid and then measuring the intensity of fluorescence. 
Specific methods will be described in Examples. In this case, 
the target nucleic acid can be an amplified or extracted product 
obtained by desired one of nucleic acid amplification methods. 
5 Further, no particular limitation is imposed on the kind of the 
target nucleic acid. They are however required to contain a 
guanine base or cytosine base in strands thereof or at ends 
thereof, because the intensity of fluorescence would otherwise 
not decrease. The method of the present invention can, 
- 10 therefore, analyze or determine a mutation or substitution such 
as G— *A, G*- A, C— *T, C«— T, G—*C or G«^C, specifically, 
polymorphism such as single nucleotide polymorphism {SNP) . 
Incidentally, it is the current practice to perform an analysis 
of polymorphism by determining the base sequence of a target 

15 nucleic acid in accordance with the Maxam-Gilbert method or the 
dideoxy method. 

Inclusion of the nucleic acid probe according to the 
present invention in a kit for analyzing or determining 
polymorphism and/or mutation of a target nucleic acid, 

20 therefore, makes it possible to suitably use the kit as a kit 
for the analysis or determination of the polymorphism and/or 
mutation of the target nucleic acid. 

When analyzing data obtained by the method of the present 
invention for the analysis or determination of polymorphism 

25 and/or mutation of a target nucleic acid, a processing step may 
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be added to correct the intensity of fluorescence, which is 
emitted from the reaction system when the target nucleic acid 
is hybridized with the nucleic acid probe of the present 
invention by the intensity of f luorescence emitted from the 
5 reaction system, when the target nucleic acid and the nucleic 
acid probe are not hybridized with each other. The data so 
processed are provided with high reliability. 

Accordingly, the present invention also provides a data 
analysis method for the method which analyzes or measures 
10 polymorphism and/or mutation of a target nucleic acid. 

The present invention also features a system for 
analyzing or determining polymorphism and/or mutation of a 
target nucleic acid, which has processing means for correcting 
a fluorescence intensity of a reaction system, in which the 
15 target nucleic acid is hybridized with the nucleic acid probe 
according to the present invention, in accordance with a 
fluorescence intensity of the reaction system in which the 
target nucleic acid is not hybridized with the nucleic acid 
probe according to the present invention. 
20 The present invention further features a computer- 

readable recording medium with procedures recorded as a program 
therein for making a computer perform a processing step in which, 
when analyzing data obtained by the method for analyzing or 
determining polymorphism and/or mutation of a target nucleic 
25 acid, a fluorescence intensity of a reaction system, in which 
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the target nucleic acid is hybridized with the nucleic acid 
probe according to the present invention, is corrected in 
accordance with a fluorescence intensity of the reaction system 
in which the target nucleic acid or gene is not hybridized with 
the nucleic acid probe according to the present invention. 

The probe according to the present invention may be 
immobilized on a surface of a solid (support layer) , for example, 
on a surface of a slide glass. In this case, the probe may 
preferably be immobilized on the end not labeled with the 
fluorescent dye. The probe of this form is now called a "DNA 
chip". These DUA chips can be used for monitoring gene 
expressions, determining base sequences , analyzing mutations 
or analyzing polymorphisms such as single nucleotide 
polymorphism (SNP) , Needless to day, they can also be used as 
devices (chips) for determining nucleic acids. 

To bind the probe of the present invention, for example, 
to a surface of a slide glass, a slide glass coated with 
polycations such as polylysine, polyethyleneimine or 
polyalkylamine, a slide glass with aldehyde groups introduced 
thereon, or a slide glass with amino groups introduced thereon 
is first provided. Binding can then be achieved, for example, 
by i ) reacting phosphate groups of the probe to the slide glass 
coated with the polycations, S } reacting a probe, in which amino 
groups have been introduced, to the slide glass on which 
aldehyde groups have been introduced or iii) reacting a probe, 
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in which PDC (pyridinium dichlomate) residual groups, amino 
groups or aldehyde groups have been introduced, to the slide 
glass on which amino groups have been introduced (Fodor, P. A., 
et al., Science, 251, 767-773, 1991; Schena, W. , et al . , Proc. 
Natl, Acad. Sci., U.S.A., 93, 10614-10619, 1996; McGal, G, , et 
al., Proc. Natl. Acad. Sci., U.S.A., 93, 13555-13560, 1996; 
Blanchad, A. P., et al. P Biosens. Bioelectron. , 11, 687-690, 
1996) . 

A device having nucleic acid probes of the invention 
arranged and bound in an arrayed form on a surface of a solid 
support permits more convenient determination of a nucleic 
acid. 

in this case, the formation of a device by individually 
binding many probes of this invention, the base sequences of 
which are different from each other, on a surface of the same 
solid support makes it possible to simultaneously detect and 
quantitate a variety of target nucleic acids. 

Preferably, this device may be designed such that each 
probe is provided on a side of the solid support, said aide being 
opposite to the side to which the probe is bound, with at least 
one temperature sensor and at least one heater at an area of 
the solid support, where the probe is bound, can be controlled 
to meet optimal temperature conditions. 

For this device, probes other than nucleic acid probes 
of the present invention, for example, nucleic acid probes o£ 
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a construction designed such that two different fluorescent 
dyes are contained per molecule and each of the probes either 
quenches or emits fluorescence owing to interaction between the 
two fluorescent dyes when the probe is not hybridized with its 
corresponding target nucleic acid but either emits fluorescence 
or quenches when the probe hybridizes to the target nucleic acid, 
specifically, a device with molecular beacons described above 
(Tyagi et al . , Nature Biotech., 14, 303-308, 1996) or the like 
bound thereon can also be used suitably. These devices, 
therefore, are embraced within the technical scope of the 
present invention. 

Fundamental operations in the determination method 
malcing use of the device according to the present invention are 
simply to place a solution, which contains a target nucleic acid 
such as mRNA, cDNA or rRNA, on the solid support on which the 
nucleic probes are bound and then to induce hybridization. As 
a result, a change in the intensity of fluorescence takes place 
corresponding to the concentration of the target nucleic acid, 
and the target nucleic acid can then be detected and quantitated 
from the change in the intensity of fluorescence. Further, 
binding of many nucleic acid probes of different base sequences 
on a surface of a single support makes it possible to determine 
concentrations of many target nucleic acids at the same time. 
As this device can be used for exactly the same application as 
a DNA chip, that is, for the determination of the concentrations 
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of the target nucleic acids, it is a novel DNA chip. Under 
reaction conditions optimal for the target nucleic acid, the 
intensities of fluorescence emitted from the nucleic acids 
other than the target nucleic acid remain unchanged. No 
5 operation is, therefore, needed for washing off the unreacted 
nucleic acids. Further, independent temperature control of 
the individual nucleic acid probes according to the present 
invention by their corresponding micraheaters makes it possible 
to control the probes under their optimal reaction conditions, 

10 respectively. Accurate determination of concentrations is 
therefore feasible. In addition, a denaturation curve between 
each nucleic acid probe of this invention and its corresponding 
target nucleic acid can be analyzed by continuously changing 
the temperature with the microheater and measuring the 

15 intensity of fluorescence during the changing of the 

temperature. From differences in such denaturation curves, it 
i3 possible to determine properties of the hybridized nucleic 
acid and also to detect SNP. 

Further, the device also makes it possible to conduct 

20 amplification of a gene by PCR or the like and detection of the 
gene at the same time. 

According to each conventional device for determining a 
concentration of a target nucleic acid, a nucleic acid probe 
not modified with a fluorescent dye is bound or fixed on a surface 

25 of a solid support and, subsequent to hybridization with the 
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target nucleic acid labeled with the fluorescent dye, an 
unhybridized portion of the target nucleic acid is washed off r 
followed by the measurement of the intensity of fluorescence 
from the remaining- fluorescent dye. 
5 To label the target nucleic acid with the fluorescent dye , 

the following steps can be followed, for example, when specific 
t: mRNA is chosen as a target: <1) mRNA extracted from cells is 

J extracted in its entirety, and (2) using a reverse transcriptase, 

;: cDlSIA is synthesized while inserting a nucleoside modified by 

vLO the fluorescent dye. These operations are not needed in the 
present invention. 

A number of various probes are applied in spots on the 
device. Optimal hybridization conditions, for example, 
temperatures or the like for nucleic acids to be hybridized to 
15 the individual probes are different from each other. 

Theoretically speaking, it is therefore necessary to conduct 
a hybridization reaction and a washing operation under optimal 
conditions for each probe (at each spot) . This is however 
physically impossible. For all the probes, hybridization is 
20 conducted at the same temperature and further, washing is also 
carried out at the same temperature with the same washing 
solution. The device is, therefore, accompanied by a drawback 
that a nucleic acid does not hybridize although its 
hybridization is desired or that, even if its hybridisation 
25 takes place, the nucleic acid is readily washed off as the 
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hybridization is not strong. For these reasons, the accuracy 
of quantitation of the nucleic acid is low. The present 
invention does not have such a drawback because the above- 
mentioned washing operation is not needed. Further, a 
hybridization reaction can be conducted at an optimal 
temperature for each probe of the present invention by 
independently arranging a microheater at the bottom of each spot 
and controlling the hybridization temperature. Accordingly, 
the accuracy of quantitation has been significantly improved 
in the present invention, 

2} Determination method of a target nucleic acid 

In the present invention, use of the above-described 
nucleic acid probe, determination kit or device makes it 
possible to specifically determine a concentration of a target 
nucleic acid with ease in a short time. A description will 
hereinafter be made of the determination method. 

In the determination method according to the present 
invention, the above-described nucleic acid probe is added to 
a measurement system and is caused to hybridize to a target 
nucleic acid. This hybridization can be effected by a 
conventionally-known method (Analytical Biochemistry, 183/ 
231-244, 1989; Nature Biotechnology, 14, 303-308, 1996; Applied 
and Environmental Microbiology, 63, 1143-1147, 1997). As 
conditions for hybridization, the salt concentration may range 
from 0 to 2 molar concentration, preferably from 0 , 1 to 1 . 0 molar 



concentration, and the pH may range from 5 to 8, preferably from 
€.5 to 7.5. 

The reaction temperature may preferably be in a range of 
the Tra value of the nucleic acid hybrid complex, which is to 

5 be formed by hybridization of the nucleic acid probe to the 
specific site of the target nucleic acid, ± 10*C. This 
temperature range can prevent non-specific hybridization. A 
reaction temperature lower than Tm-lO'C allows non-specific 
hybridization, while a reaction temperature higher than Tm+10°C 
»10 allows no hybridization. Incidentally r a Tm value can be 

determined in a similar manner as in an experiment which is 
needed to design the nucleic acid probe for use in the present 
invention. Described specifically, an oligonucleotide which 
is to be hybridized with the nucleic acid probe of this invention 

15 (and has a complementary base sequence to the nucleic acid 
probe) is chemically synthesized by the above-described nucleic 
acid synthesizer or the like, and the Tm value of a nucleic acid 
hybrid complex between the oligonucleotide and the nucleic acid 
probe is then measured by a conventional method. 

20 The reaction time may range from 1 second to 180 minutes, 

preferably from 5 seconds to 90 minutes. If the reaction time 
is shorter than 1 second, a substantial portion of the nucleic 
acid probe according to the present invention remains unreacted 
in the hybridization. On the other hand, no particular 

25 advantage can be brought about even if the reaction time is set 
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excessively long. The reaction time varies considerably 
depending on the kind of the nucleic acid, namely, the length 
or base sequence of the nucleic acid. 

In the present invention, the nucleic acid probe is 
5 hybridised to the target nucleic acid as described above. The 
intensity of fluorescence emitted from the fluorescent dye is 
\ measured both before and after the hybridization, and a decrease 

in fluorescence intensity after the hybridization is then 
-- calculated. As the decrease is proportional to the 

?10 concentration of the target nucleic acid, the concentration of 
% the target nucleic acid can be determined. 

The concentration of the target nucleic acid in the 
-- reaction mixture may range from 0.1 to 10*0 nM, while the 

concentration of the probe in the reaction mixture may range 
15 from 1.0 to 25.0 nM. Upon preparation of a working curve, the 
nucleic acid probe of the present invention may desirably be 
used at ratios of from 1.0 to 2.5 relative to the target nucleic 
acid. 

Upon actually determining the concentration of a target 
20 nucleic acid, the concentration of which is unknown, in a sample, 
a working curve is first prepared under the below-described 
conditions. A corresponding probe according to the present 
invention is added at plural concentrations to aliquots of the 
sample, respectively, followed by the measurement of changes 
25 in the intensity of fluorescence from the respective aliquots, 
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The probe concentration, which corresponds to the greatest one 
of the change in fluorescence intensity so measured, is chosen 
as a preferred probe concentration. Based on the change in 
fluorescence intensity measured at the preferred probe 
concentration, a quantitated value of the target nucleic acid 
can be determined from the working curve. 

A description hag been made about the principle of the 
method of the present invention for the determination of a 
concentration of a nucleic acid. The present invention can be 
applied to various nucleic acid determination methods, for 
example, FISH methods, PCR methods, LCR methods, SD methods, 
competitive hybridizations, and TAS methods. 

Examples of these applications will hereinafter be 
described . 

(D Application to FISH methods 

The method of the present invention can be applied to 
nucleic acids contained in cells of microorganisms/ plants or 
animals or those contained in homogenates of the respective 
cells . The method of the present invention can also be suitably 
applied to nucleic acids in cells of a cultivation system of 
microorganisms (e.g., a co-cultivation system of 
microorganisms or a symbiotic cultivation system of 
microorganisms) , in which various kinds of microorganisms are 
contained together or a microorganism and other animal- or 
plant-derived cells are contained together and cannot be 
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isolated from each other, or in a homogenate or the like of the 
cells of the cultivation system. The term "microorganisms" as 
used herein means microorganisms in general sense, and no 
particular limitation is imposed thereon. Examples of such 
5 microorganisms can include eukaryotic microorganisms and 

prokaryotic microorganisms, and also mycoplasmas, virus and 
ri rickettsias. The term "a nucleic acid" as used in connection 

=°= with such a microorganism system means a nucleic acid with a 

base sequence specific to cells of a cell strain which is desired 
;'/4.0 to be investigated, for example, as to how it is acting in the 
microorganism strain. Illustrative examples can include 5S 
rRNAs, 16S rRNAs and 23S rRNAs of certain specific cell strains 
and particular sequences of their gene DNAs » 

According to the present invention, a nucleic acid probe 
15 is added to a co-cultivation system of microorganisms or a 
symbiotic cultivation system of microorganisms and the 
concentration of 5S rRNA, 16S rRNA or 23S rRNA of a particular 
cell strain or its gene DNA, thereby making it possible to 
determine the viable count of the particular strain in the 
20 system, incidentally, a viable count of a particular cell 
strain in a co-cultivation system of microorganisms or a 
symbiotic cultivation system of microorganisms can be determine 
by adding the nucleic acid probe to a homogenate of the system 
and then measuring a change in fluorescence emission from the 
25 fluorescent dye before hybridization relative to fluorescence 
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emission from the fluorescent dye after the hybridization. It 
is to be noted that this method also falls within the technical 
scops of the present invention. 

The above-described determination method can be carried 
5 out as will be described hereinafter. Before the addition of 
the nucleic acid probe of the present invention, the temperature, 
di salt concentration and pH of the co-cultivation system of 

microorganisms or the symbiotic cultivation system of 
ijf microorganisms are adjusted to meet the conditions described 

%R0 above. It is also preferable to adjust the concentration of 
O the specific cell strain, which is contained in the co- 

lli cultivation system of microorganisms or the symbiotic 

fj cultivation system of microorganisms, to 10 7 to 1Q 12 cells/mL, 

preferably 10 9 to 10 10 cells/mL in terms of viable count. These 
15 adjustments can be achieved by dilution, centrifugal or like 
concentration, or the like. A viable count smaller than 10 7 
cells /mL results in low fluorescence intensity and greater 
determination error . A viable count greater than 1Q 12 cells/mL, 
on the other hand, leads to excessively high fluorescence 
20 intensity, so that the viable count of the particular 

microorganism cannot be determined quantitatively. However, 
this range depends upon the performance of a fluorimeter to be 
used. 

The concentration of the nucleic acid probe of the present 
25 invention to he added depends upon the viable count of the 
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particular cell strain in the co-cultivation system of 
microorganisms or the symbiotic cultivation system of 
microorganisms and, at a viable count of 10 3 cells/mL, may be 
in a range of from 0.1 to 10.0 nM, preferably in a range of from 
5 0.5 to 5 nM, more preferably 1.0 nM. Aprobe concentration lower 
than 0.1 nM cannot provide any data which accurately reflects 
the viable count o£ the particular microorganism. The optimal 
probe concentration, however, cannot be specified in any 
wholesale manner because it depends upon the concentration of 
-L0 a target nucleic acid in cells. 

Upon hybridizing the nucleic acid probe to the 5S rRNA, 
16S rRNA or 23S rRNA of the particular cell strain or its gene 
UNA in the present invention, the reaction temperature may be 
set as described above. Further, the hybridization time may 
15 also be set as described above. 

The nucleic acid probe is hybridized to the 5S rRNA, 16S 
rRNA or 23S rRNA of the particular cell strain or its gene DNA 
under such conditions as described above. Intensities of 
fluorescence from the fluorescent dye in the co-cultivation 
20 system of microorganisms or the symbiotic cultivation system 
of microorganisms before and after the hybridization are then 
measured. 

In the present invention, no particular limitation is 
imposed on components other than the microorganisms in the 
25 co-cultivation system of microorganisms or the symbiotic 
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cultivation system of microorganisms , insofar as the components 
do not interfere with the hybridization between the nucleic acid 
probe according to the present invention and the 5S rRKA, 16S 
rRNA or 23S rRNA or its gene DNA and further, do not inhibit 
5 the emission of fluorescence from the fluorescent dye or the 
action of the quencher substance labeled on the oligonucleotide . 
■J] For example, phosphates such as KH 2 £O t , K 2 HPO s , NaH 2 P0 4 and Na s HEO fl/ 

inorganic nitrogen compounds such as ammonium sulfate, ammonium 
U) nitrate and urea, various salts of metal ions such as magnesium, 

vlQ sodium, potassium and calcium ions, various salts such as the 
q sulfates, hydrochlorides, carbonates and the like of trace 

ry metal ions such as manganese, zinc, iron and cobalt ions, and 

H vitamins may be contained to adequate extent. If the 

above-described interference or inhibition is observed, it may 
15 be necessary to separate cells of the plural microorganisms from 
the cultivation system by an operation such as centrifugal 
separation and then to resuspend them in a buffer or the like. 

Usable examples of the buffer can include various buffers 
such as phosphate buffer, carbonate buffer, Tris-HCl buffer, 
20 Tris-glycine buffer, citrate buffer, and Good's buffer. The 
buffer should be adjusted to a concentration not inhibiting the 
hybridization or the emission of fluorescence from the 
fluorescent dye. This concentration depends upon the kind of 
the buffer. The pH of the buffer may range from 4 to 12, with 
25 5 to 9 being preferred. 
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(2) Application to PCR methods 

The present invention can be applied to any method insofar 
as it is a PCR method. A description will hereinafter be made 
of an application of the present invention to a real-time 
quantitative PCR method. 

In the real-time quantitative PCR method, PCR is 
conducted using a specific nucleic acid probe according to the 
present invention, and a change in fluorescence emission from 
the florescent dye after a reaction relative to fluorescence 
emission from the fluorescent dye before the reaction is 
determined in real time. 

The term "PCR" as used herein means a variety of eCR 
methods- Examples can include RT-PCR, RNA-primed PCR, stretch 
PCR, reverse PCR, PCR making use of an Alu sequence, multiple 
PCR, PCR making use of a mixed primer, and PCR making use of 
PNA . Further, the term "quantitative" means, in addition to 
quantitation in general sense, quantitation of such an extent 
as detection as described above. 

As described above, the term "target nucleic acid" as used 
herein means a nucleic acid the existing amount of which is 
intended to be determined, irrespective whether it is in a 
purified form or not and further irrespective of its 
concentration. Various other nucleic acids may also exist 
together with the target nucleic acid. Far example, the target 
nucleic acid may be a specific nucleic acid in a co-cultivation 
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system microorganisms (a mixed system of RNAs or gene DNAs of 
plural microorganisms) or a symbiotic cultivation system of 
microorganisms {a mixed system of RNAs or gene DNAs of plural 
animals, plants and/or microorganisms) , the amplification of 
5 which is intended. Purification of the target nucleic acid, 
if needed, can be conducted by a method known per se in the art . 

4 For example, purification can be effected using a purification 

kit or the like available on the market. 

The conventionally-known quantitative PCR methods 

-40 individually amplify, in the presence of Mg ions, a target 
nucleic acid by using dATP, dGTP, dCTP r dTTP or dUTP, a target 
nucleic acid (DNA or RNA) , Taq polymerase, a primer, and a 
nucleic acid labeled with a fluorescent dye or an intercalator 
while repeatedly changing the temperature between low and high 
15 levels, and monitor increases in fluorescence emission from, the 
fluorescent dye in real time in the course of the amplification 
[Jikken Igaku (Laboratory Medicine), 15(7), 4*6-51, Yodosha 
(1997)] . 

On the other hand, the quantitative PCR method according 
20 to the present invention is characterized in that the target 
nucleic acid is amplified by using the nucleic probe of the 
present invention and a change in fluorescence emission from 
the fluorescent dye, specifically, an increase in fluorescence 
emission in the case of the fluorescence emitting probe or a 
25 decrease in fluorescence emission in the case of the 
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fluorescence quenching probe is determined. The number of 
bases in a preferred probe of the present invention for use in 
the quantitative PCR according to the present invention may he 
from 5 to 50 r preferably from 10 to 25, notably from 15 to 20. 
5 No particular limitation is imposed on the probe insofar as it 
hybridizes to amplification products of the target nucleic acid 
in PCR cycles. The probe may be designed in either a forward 
type or a reverse type. 

For example, the following designs can be mentioned when 

-10 the nucleic acid probe is a fluorescence emitting probe „ The 
above-described fluorescence emitting probes are all usable. 
Most suitable ones are those not labeled at the 3' ends for the 
reasons to be mentioned next- As the probe is used as a primer, 
the amount of the target nucleic acid labeled with the 

15 fluorescent dye, namely, the quencher substance and fluorescent 
dye increases with the cycle of the reaction, so that the 
intensity of florescence in the reaction, system at the time of 
the hybridization increases with the cycle of the reaction. 
Needless to say, those labeled at the 3' end can also be used 

20 sufficiently. In this case, they can be used as simple nucleic 
acid probes. 

The f ollowings can be mentioned as illustrative examples 
of the fluorescence quenching probe: 

(1) A probe labeled, at an portion, preferably, an end 
25 thereof, with a fluorescent dye useful in the practice of the 
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present invention. The base sequence of the probe is designed, 
such that, when hybridizes to a target nucleic acid, at least 
one G (guanine) base exists in the base sequence of the target 
nucleic acid at a position 1 to 3 bases apart from the end base 
5 of the target nucleic acid hybridized on the end portion or end 
of the probe where the probe is labeled with the fluorescent 
dye. 

(2) A probe similar to the probe {!) except that the probe 
is labeled at the 3 'end thereof with the fluorescent dye, 
-10 (3) A probe similar to the probe (1) except that the 5' end 

thereof with the fluorescent dye. 

(4) A nucleic acid probe the base sequence of which is 
designed such that, when the probe hybridizes to a target 
nucleic acid, plural base pairs in a probe-nucleic acid hybrid 

15 complex form at least one G (guanine) and C (cytosine) pair at 
the end portion. 

(5) A probe similar to the probe (4), wherein the probe 
has G or C as a 3' end base and is labeled at the 3 'end thereof 
with a fluorescent dye. 

20 (6) A probe similar to the probe (4) r wherein the probe 

has G or C as a 5' end base and is labeled at the 5 'end thereof 
with a fluorescent dye. 

(7) A probe similar to any one of the probes (1) - (6) except 
that the OH group on the C atom at the 3' -position of ribose 

25 or deoxyribose at the 3 'end or the OH group on the C atom at 
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the 3'- or 2' -position of ribose at the 3' end has been 
phosphorylated . 

(8) a nucleic acid probe labeled with the fluorescent dye 
at a modification portion other than the phosphate group on the 
5 'end or the OH group on the 3 'end hand having a base sequence 
designed such that, when the probe hybridizes to a target 
nucleic acid, plural base pairs in a probe-nucleic acid hybrid 
complex form at least one G (guanine) and C (cytosine) pair at 
the modification portion. 

{ 9 ) a nucleic acid probe similar to any one of the probe { s ) 
(13 -(6) except that the oligonucleotide of the probe has been 
chemically modified. 

<10) A nucleic acid probe the base sequence of which is 
designed such that, when the probe hybridizes to a target 
nucleic acid, plural base pairs in a probe-nucleic acid hybrid 
complex form at least one G (guanine) and C (cytosine) pair and 
the G or C forming the base pair is modified by a fluorescent 
dye at a position other than the phosphate group on the 5' end 
or the OH group on the 3 'end. 

In the case of the probe (6) , the 3' or 5' end may not be 
designed to G or C due to the base sequence of a target nucleic 
acid. If this should be the case, 5' -guanylic acid or guanosine 
or 5 f -cytidylic acid or cytidine may be added to the 5' end of 
an oligonucleotide designed as a primer from the base sequence 
of the target nucleic acid. The probe so obtained can still 
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achieve the objects of the present invention adequately. The 
obj ects of the present invention can also be adequately achieved 
by adding 5' -guanylic acid or S' -cytidylic acid to the 3' end. 
The expression "nucleic acid probe designed such that the 3 'end 
5 or 5' end base thereof becomes G or C" as used herein is , therefore, 
defined to embrace not only probes designed based on the base 
□ sequence of the target nucleic acid but also probes added at 

S the 5' end thereof with 5 r -guanylic acid or 5' -cytidylic acid 

- - or guanosine or 5' -cytidylic acid or cytidine and probes added 

--10 at the 5 r end thereof with 5' -guanylic acid or 5' -cytidylic acid. 

In particular, the above-described probe (7) of the 
present invention is designed such that it is not used as a primer . 
■-j PCR is conducted by using a single probe of the present invention 

L~" as opposed to two (fluorescent-dye-labeled) probes needed in 

15 a real-time quantitative PCR method making use of the FRET 
phenomenon. The probe is added to a PCR reaction system, and 
PCR is then conducted . During a nucleic acid extending reaction, 
the probe which has been in a form hybridized with the target 
nucleic acid or amplified target nucleic acid is degraded by 
20 polymerase and is dissociated off from the nucleic acid hybrid 
complex. The intensity of fluorescence of the reaction system 
at this time or the reaction system in which a nucleic acid 
denaturing reaction has completed is measured. Further, the 
intensity of fluorescence of the reaction system in which the 
25 target nucleic acid or amplified target nucleic acid has 
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hybridized with the probe [i.e., the reaction system at the time 
of an annealing reaction or at the time of the nucleic acid 
extending reaction until the probe is eliminated from the 
nucleic acid hybrid complex by polymerase} . By calculating a 
5 decrease of the latter fluorescence intensity from the former 
fluorescence intensity, the concentration of the amplified 
.11 nucleic acid is determined. The intensity of fluorescence is 

high when the probe has completely dissociated from the target 
nucleic acid or amplified target nucleic acid by the nucleic 

10 acid denaturing reaction or when the probe has been degraded 
out from the hybrid complex of the probe and the target nucleic 
=;= acid or amplified nucleic acid at the time of extension of the 

nucleic acid. However, the intensity of fluorescence of the 
reaction system in which an annealing reaction has been 

15 completed and the probe has fully hybridized to the target 
nucleic acid or amplified target nucleic acid or of the reaction 
system until the probe is degraded out of the hybrid complex 
of the probe and the target nucleic acid or amplified target 
nucleic acid by polymerase at the time of a nucleic acid 

20 extending reaction is lower than the former. The decrease in 
the intensity of fluorescence is proportional to the 
concentration of the amplified nucleic acid. 

In this case, the base sequence of the probe {!) may 
desirably be designed such that the Tm of a nucleic acid hybrid 

25 complex, which is available upon hybridization of the probe with 
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the target nucleic acid, fails within a range of the Tm. value 
of the hybrid complex of the primer ± 15°C, preferably ± 5^C . 
If the Tm of the probe is lower than {the Tm value of the primer 
- 5^) , especially (the Tm value of the primer - 15t) , the probe 
5 does not hybridize so that no decrease takes place in the 

fluorescence emission from the fluorescent dye. If the Tm of 
the probe is- higher than (the Tm value of the primer + 5t;) , 
especially, (the Tm value of the primer + 15t) , the probe also 
hybridizes to nucleic acid or acids other than the target 

10 nucleic acid so that the specificity of the probe is lost. 

The probes other than the probe (7) , especially the probe 
{6} is added as a primer to PCR reaction systems. Except for 
the PCR method according to the present invention, no PCR method 
is known to make use of a primer labeled further with a 

15 fluorescent dye. As the PC& reaction proceeds, the amplified 
nucleic acid is progressively labeled with the fluorescent dye 
useful in the practice of the present invention. Accordingly, 
the intensity of fluorescence of the reaction system in which 
the nucleic acid denaturing reaction has completed is high but, 

20 in the reaction system in which the annealing reaction has 
completed or the nucleic acid extending reaction is proceeding, 
the intensity of fluorescence of the reaction system is lower 
than the former intensity of fluorescence. 

The PCR reaction can be conducted under similar 

25 conditions as in conventional PCR methods. It is, therefore, 
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possible to conduct amplification of a target nucleic acid in 
a reaction system the concentration of Mg ions in which is low 
(1 to 2 mM) . Needless to say, the present invention can also 
be conducted even in a reaction system in which Mg ions are 
contained at such a high concentration (2 to 4 mM) as that 
employed in the conventionally-known quantitative PCR methods . 

In the PCR method according to the present invention, Tm 
value can be determined by conducting the PCR of the present 
invention and then analyzing the melting curve of the nucleic 
acid with respect to the amplification products. This method 
is a novel analysis method of a melting curve of a nucleic acid. 
In this method, the nucleic acid probe employed as a nucleic 
acid probe or primer in the PCR method of the present invention 
can be used suitably. 

In this case, designing of the base sequence of the probe 
according to the present invention into a sequence 
complementary with a region containing SNP {single nucleotide 
polymorphism) makes it possible to detect SNP from a difference, 
if any, in a dissociation curve of the nucleic acid from the 
probe of the present invention by analyzing the dissociation 
curve after completion of PCR. If a base sequence complementary 
with an SNP-containing sequence is used as a sequence for the 
probe of the present invention, a Tm value available from a 
dissociation curve between the sequence of the probe and the 
SNP-containing sequence becomes higher than a Tm value 
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available from a dissociation curve between the sequence of the 
probe and the SNP-free sequence. 
(D Data analysis method 

The present invention/ in the third aspect thereof, 
5 relates to the method for analyzing data obtained by the 
above-described real-time quantitative PGR method. 

A real-time quantitative PCR method is now practiced in 
real time by a system which is composed of a reactor for 
conducting PGR, an equipment for detecting fluorescence 

10 emission from a fluorescent dye, a user interface, namely, a 
computer-readable recording medium with various procedures of 
a data analysis method recorded as a program (also called 
"sequence detection software system"), and a computer for 
controlling them and analyzing data. Determination by the 

15 present invention is also conducted by such a system. 

A description will first be made of an analyzer for 
real-time quantitative PCR. Any system can be used in the 
present invention insofar as it can monitor PCR in real time. 
Particularly suitable examples can include "ABI PRISM™ 7700 

20 Sequence Detection System (SDS 7700}" {manufactured by 
Perkin-Elmer Applied Biosystems, Inc., U.S.A.) and 
"LightCycler™ System" (manufactured by Roche Diagnostics, 
Mannheim, Germany) . 

' The above-described reactor is an apparatus for 

25 repeatedly conducting a thermal denaturing reaction of a target 
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nucleic acid, an annealing reaction and an extending reaction 
of the nucleic acid (these reactions can be repeatedly conducted, 
for example, by successively changing the temperature to 95*0, 
60 4 C And 72 S C- The detection system comprises a fluorescence 
5 emitting argon laser, a spectrograph and a CCD camera. Further, 
the computer-readable recording medium with the various 
procedures of the data analysis method recorded as the program 
is used by installing it in the computer, and contains a program 
recorded therein for controlling the above-described system via 
- 10 the computer and also for processing and analyzing data 

outputted from the detection system. 
:;■ The data analysis program recorded in the computer- 

readable recording medium comprises the following steps: 
measuring the intensity of fluorescence cycle by cycle, 

15 displaying each measured fluorescence intensity as a function 
of cycles, namely, as a PCR amplification plot on a display of 
the computer, calculating a threshold cycle number {Ct) at which 
the intensity of fluorescence is begun to be detected, forming 
a working line useful in determining from Ct values the number 

20 of copies of the nucleic acid in the sample, and printing data 
and plot values in the respective steps. When PCR is 
exponentially proceeding, a linear relationship is established 
between the logarithm of the number of copies of the target 
nucleic acid at the time of initiation of PCR and Ct . It is 

25 therefore possible to calculate the number of copies of the 
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target nucleic acid at the time of initiation of PCR by forming 
a working line based on known copy numbers of the target nucleic 
acid and detecting the Ct of a sample which contains the target 
nucleic acid the number of copies of which is unknown. 
5 The PCR-related invention such as the above-described 

data analysis method is an invention for analyzing data obtained 
by such a real-time quantitative PGR method as described above. 
Its respective features will be described hereinafter. A first 
feature resides in a processing step for correcting a 

10 fluorescence intensity of a reaction system, which is measured 
when the nucleic acid amplified in each cycle is conj ugated with 
the fluorescent dye or when the amplified nucleic acid 
hybridizes to a nucleic acid probe according to the present 
invention in the method for analyzing data obtained by the 

15 real-time quantitative &CR method, by a fluorescence intensity 
of the reaction system as obtained when the above-described 
conjugate of the fluorescent dye and the nucleic acid or the 
fluorescent dye-nucleic acid conjugate or the above-described 
hybrid complex of the nucleic acid probe of the present 

20 invention and the target nucleic acid or the nucleic acid hybrid 
complex has dissociated in each cycle, namely,, the first feature 
resides in a correction-processing step. 

As a specific example of "the reaction system when the 

amplified target nucleic acid is conjugated with the 

25 fluorescent dye or when the amplified target nucleic acid 
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hybridizes to a nucleic acid probe according to the present 
invention", a reaction system upon conducting a nucleic acid 
extending reaction or annealing at 40 to 85^C, preferably 50 
to SOt in each cycle of £>CR can be mentioned. The actual 
temperature depends upon the length of the amplified nucleic 
acid. 

Further, ^the reaction system when the above-described 

fluorescent dye-nucleic acid conjugate or the above-described 
nucleic acid- hybrid complex has dissociated''' can be a reaction 
system upon conducting thermal denaturation of the nucleic acid 
in each cycle of PCR, specifically at a reaction temperature 
of from 90 to 100t, preferably 94 to SS'C. Illustrative is a 
system in which the reaction has been completed. 

Any correction processing can be used as the correction 
processing in the correction processing step insofar as it 
conforms with the objects of the present invention. 
Specifically, correction processing including a processing 
step by the following formula {1) or formula (2} can be 
exemplified. 

f„ - f^/i^,, (1) 

f, = f*«n. n /fhyb.n ' 2 > 

where 

f n : correction-processed value in an n th cycle as 

calculated in accordance with the formula (1) or 
formula {2} , 
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f hyb , n : intensity value of fluorescence of the reaction system 
available after the amplified nucleic acid has 
conjugated to the fluorescent dye or the amplified 
nucleic acid has hybridized to the nucleic acid probe 
5 labeled with the fluorescent dye in the n th cycle, and 

f d B n,n : intensity value of fluorescence of the reaction system 
available after the fluorescent dye-nucleic acid 
conjugate or the nucleic acid hybrid complex has 
dissociated in the n th cycle. 
10 This step includes a sub-step in which correction- 

processed values obtained by the above-described processing are 
displayed on a computer display and/or the correction-processed 
values are likewise displayed and/or printed in the form of a 
graph as a function of cycles. 
15 a second feature resides in a data analysis method, which 

comprises : 

introducing correction-processed values , which have been 
calculated in accordance with the formula {!) or formula (2) 
in individual cycles, into the following formula (3) or formula 
20 (4 ) to calculate rates or percentages of changes in fluorescence 
between samples in the individual cycles: 
F n = f n /f a (3) 
F n - f fl /f n (4) 

where 

25 F n : rate or percentage of a change in fluorescence in an n tth 
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cycle as calculated in accordance -with the formula (3) 

or formula (4 ) , 
f n : correction-processed value calculated in the n th cycle 

as calculated in accordance with the formula (1) or 
5 formula (2) , and 

f a : correction-processed value calculated in a. given cycle 

before a change in f a is observed as calculated in 

accordance with the formula (1) or formula (2), and in 

general, a correction-processed value, for example, in 
10 one of 10 th to 40 th cycles, preferably one of 15 th to 30 th 

cycles, more preferably one of 20 th to 30 th cycles is 

adopted? . and 

comparing the rates or percentages of changes in 
fluorescence . 

15 This step includes a sub-step in which calculated values 

obtained by the above-described processing are displayed on a 
computer display and/or are printed or the calculated values 
are likewise displayed and/or printed in the form of a graph 
as a function of cycles. This sub-step may be applied or may 

20 not be applied to the correction-processed values obtained by 
the formula {1) or formula (2>. 

A third feature resides in a data analysis method, which 
comprises the following processing steps: 

1) performing processing in accordance with the following 

25 formula. (5), (6) or (7) by using data of rates or percentages 
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formula {3} or (4) : 

log b (F n ), ln{F n > (5) 
logj U-EV.) x A}, ln{ (1-FJ x b} (6) 
5 log b {(F n -I) x A}, ln{{F n -l) x h) (7) 

where 

A,b: desired numerical values, preferably integers, more 
preferably natural numbers and, when A=l 00, b=10, £ (F ft -1) 
x A} is expressed in terms of percentage (%) , and 
10 F A : rate or percentage of a change in fluorescence in an 

I n fch cycle as calculated in accordance with the formula 

(3) or formula (43 , 
2) determining a cycle in which said processed value of 
I said processing step 1) has reached a constant value, 

15 3} calculating a relational expression between cycle of 

a nucleic acid sample of a known concentration and the number 
of copies of said target nucleic acid at the time of initiation 
o£ a reaction, and 

4) determining the number of copies of said target nucleic 
20 acid in an unknown sample upon initiation of PCR. 

Preferably, these steps are performed in the order of 1) 
- 2}- 3)- 4} . 

Each of these steps 1) to 3} may include a sub-step in 
which processed values obtained by the corresponding processing 
25 are displayed on a computer display and/or the processed values 
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are likewise displayed and/or printed in the form, of a graph 
as a function of cycles. The step 4) should include at least 
a printing sub-step as the processed values obtained in the step 
4) have to be printed, although the processed values obtained 
5 in the step 4) may also displayed on a computer display. 

Incidentally, the correction-processed values obtained 
by the formula (1) or (2) and the calculated values obtained 
by the formula (3) or {4) may be or may not be displayed on a 
computer display and/or printed in the form of graphs as a 

10 function of cycles, respectively. These displaying and/ or 
printing sub-steps may, therefore r be added as needed. 

The above-described data analysis method is particularly 
effective when decreases in fluorescence emission from the 
fluorescent dye are measured in the real-time quantitative PCR 

15 method, that is, when fluorescence quenching probes are used. 
As a specific example, the real-time quantitative PCR method 
according to the present invention, which makes use of a 
fluorescence quenching probe, can be mentioned. 

A fourth feature resides in an analysis system for 

20 real-time quantitative PCR, which comprises processing and 
storing means for performing a data analysis method for the 
above-described real-time quantitative PCR method of the 
present invention* 

A fifth feature resides in a computer-readable recording 

25 medium with individual procedures of a data analysis method, 
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which is adapted to analyze PCR by using the analysis system 
far the real-time quantitative PCR, stored as a program therein, 
wherein the program is designed to make a computer perform the 
individual procedures of the data analysis method of the present 
5 invention. 

A sixth feature resides in a novel method for determining 
a nucleic acid, which comprises using the data analysis method, 
determination and/or analysis system and/or recording medium 
of the present invention in the nucleic acid determination 
10 method. 

A seventh feature resides in a method for analyzing data 
obtained by the above-described method of the present invention 
for the analysis of a melting curve of a nucleic acid, namely, 
data obtained by the method of the present invention in which 
15 the Tm value of the nucleic acid is determined by conducting 
PCR. 

Specifically, the seventh feature resides in an analysis 
method, which comprises the following steps: gradually heating 
a nucleic acid, which hag been amplified by the PCR method of 
20 the present invention, from a low temperature until complete 
denaturation of the nucleic acid {for example, from 5CC to 95T:; 
measuring an intensity of fluorescence at short time intervals 
(for example, at intervals equivalent to a temperature rise of 
from 0.2*C to 0.5*0 during the heating step; displaying results 
25 of the measurement as a function of time on a display, namely, 
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a melting curve of the nucleic acid; differentiating the melting 
curve to obtain differentiated values f-dF/dT, F: intensity of 
fluorescence, T: time); displaying the differentiated values 
as derivatives on the display; and determining a point of 
inflection from the derivatives . In the present invention, the 
intensity of fluorescence increases as the temperature rises, 
Preferable results can be obtained in the present invention by 
adding to the above-described step a further processing step 
in which in each cycle, the intensity of fluorescence at the 
time of the nucleic acid extending reaction,, preferably at the 
time of completion of the PGR reaction is divided by the value 
of fluorescence intensity at the time of the thermal denaturing 
reaction . 

A measurement and/or analysis system for the real-time 
quantitative PCR of the present invention, said real-time 
.quantitative PCR including the method of the present invention 
for the analysis of the melting curve of a nucleic acid added 
to the above-described novel method of the present invention 
for the analysis of data obtained by a PCR method, also falls 
within the technical scope of the present invention. 

A still further feature of the present invention resides 
in a computer-readable recording medium with the individual 
procedures of the method of the present invention for the 
analysis of the melting curve of a nucleic acid recorded therein 
as a program such that the procedures can be performed by a 
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computer or a computer-readable recording medium with the 
individual procedures of the method of the present invention 
for the analysis of data obtained by a PCR method recorded 
therein as a program such that the procedures can be performed 
5 by a computer, wherein a program designed to make the computer 
perform the individual procedures of the method of the present 
invention for the analysis o£ the melting curve of the nucleic 
acid is additionally recorded. 

The above-described data analysis methods, systems and 
° '10 recording media of the present invention can be used in a variety 
of fields such as medicine, forensic medicine, anthropology, 
"d paleontology, biology, genetic engineering, molecular biology , 

agricultural science and phytobreeding . They can be suitably 
applied to microorganism systems called "co-cultivation 
15 systems of microorganisms" or "symbiotic cultivation systems 
of microorganisms", in each of which various kinds of 
microorganisms are contained together or a microorganism and 
other animal- or plant -derived cells are contained together and 
cannot be isolated from each other. The term "microorganisms" 
20 as used herein means microorganisms in general sense, and no 
particular limitation shall be imposed thereon. Illustrative 
are eukaryotic microorganisms, prokaryotic microorganisms, 
mycoplasmas, virus and rickettsias. 

The vial count of a particular cell strain in a co- 
25 cultivation system of microorganisms or a symbiotic cultivation 
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systems of microorganisms can be determined by determining the 
number of copies of the 5S rRNA, 16s rRNA or 23S rRNA of the 
particular cell strain or its gene DNA in the system by using 
one or more of the above-described data analysis methods, 
systems and recording media of the present invention, because 
the number of copies of the gene DNA of 5S rRNA, 16S rRNA or 
23S rRNA is specific to each cell strain. In the present 
invention, tha vial count of a particular cell strain can also 
be determined by applying the real-time quantitative PCR of the 
present invention to a homogenate of a co-cultivation system 
of microorganisms or a symbiotic cultivation systems of 
microorganisms. It shall also be noted that this method also 
falls with the technical scope of the present invention. 
(D Polymorphous analysis method 

The feature of the polymorphous analysis method according 
to the present invention resides in the use of the nucleic acid 
probe of this invention in a conventional polymorphous analysis 
method to determination a nucleic acid. The term 
"polymorphous" or "polymorphism" as used herein means 
biological polymorphous or polymorphism. In the present 
invention, it means especially the polymorphism of a gene (RNA, 
DNA, gene) on which the polymorphism is brought about. It has 
the same meaning as commonly employed these days in molecular 
biology. 

The term ^polymorphous analysis" means to analyse and/or 
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determine what polymorphism a gene has. 

Currently- available examples of the conventional 
polymorphous method include $$0F (sequence specific 
oligonucleotide probe) method, RELP (restriction fragment 
5 length polymorphism) method, T-RFLP [terminal restriction 
fragment length polymorphism) method, SSCP (single strand 
conformation} method, MPH method, CFLP (cleavage fragment 
length polymorphism) method, SSP (sequence specific primer) 
-1 method, PHFA (preferential homoduplex formation assay) method, 

= :='10 SBT (sequence base typing) method [PCT Ho, Riyo no Tebiki (PCR 
- s Methods, Manual for Their Use) , Chugai Medical Publishing Co. , 

;:. Ltd. (1998); Tanpakushitsu, Kakusan, Koso (Proteins, Nucleic 

Acids, Enzymes), 35(17), KYORITSU SHUFPANCQ., LTD. (1990); 
;i Jikken Igaku (Laboratory Medicine), 15 (7 > (special number), 

" 15 Yodosha (1997) ] . T -RELP method or CFLP method can be especially 
suitably applied, although the methods currently used in 
polymorphous analyses are all usable in the present invention 

Features of the polymorphous analysis method will 
hereinafter be described specifically in order. 
20 The first feature resides in a quantitative gene 

amplification method making use of the nucleic acid probe of 
this invention. Any quantitative gene amplification method 
can be adopted insofar as it has quantitativeness . For example, 
PCR methods can be adopted suitably. Among these, quantitative 
25 PCR methods and real-time monitoring, quantitative PCR 
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methods are more preferred. 

Examples of conventionally-known, quantitative PCR 
methods can include RT-PCR, RNA-primed PCR, Stretch PCR, 
reversed PCR, PCT making use of an Alu sequence, multiple eCR, 
PCR making use of a mixed primer, and ECR making use of PNA. 

According to these conventionally-known, quantitative 
PCR methods, a target gene is amplified by cycling the 
temperature between a low temperature and a high temperature 
in the presence of Mg ions while using dATP, dGTP, dCTP and dTTP 
or dUTP, a target gene (DNA or RNA) , Taq polymerase, a primer 
and a nucleic acid probe labeled with a fluorescent dye or an 
intercalator, and an increase in the emission of fluorescence 
from the fluorescent dye in the course of the amplification is 
monitored in a real-time manner [Jikken Igaku (Laboratory 
Medicine), 15(7), 46-51, Yodosha {1997)]. 

The quantitative PCR method according to the present 
invention, which makes use of the invention nucleic acid probe, 
is a method in which the probe labeled with the fluorescent dye 
is used. It is a quantitative PCR method that makes use of a 
probe designed such that the intensity of fluorescence from the 
fluorescent dye changes (specifically, increases in the case 
of a fluorescence emitting probe or decreases in the case of 
a fluorescence quenching probe) when the probe hybridizes to 
a target nucleic acid. 

For example, as has been described in detail in connection 
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with the second aspect of the invention,, a fluorescence 
quenching probe is labeled at an end. thereof with a fluorescent 
dye, and its base sequence is designed such that, when the probe 
hybridizes at the end portion thereof to a target gene, at least 
5 one G (guanine) base exists in a base sequence of the target 
gene at a position 1 to 3 bases apart from the portion of an 
end base pair of the target gene hybridized with the probe, 
whereby the fluorescent dye is reduced in fluorescence emission 
when the probe hybridizes to the target gene. 
*1Q Preferably, the fluorescence quenching probe is labeled 

at the end thereof with the fluorescent dye, and its base 
sequence is designed such that, when the probe hybridizes to 
the target gene, base pairs of the hybrid complex of the probe 
and the target gene forms at least one G (guanine) and C 
15 (cytosine) pair {GC base pair) at the end thereof, whereby the 
fluorescent dye is reduced in the intensity of fluorescence when 
the probe hybridizes to the target gene. 

If the 5' or 3 r end cannot be designed to G or C due to 
the base sequence of a target gene, the objects of the present 
20 invention can also be adequately achieved by adding 5' -guanylic 
acid or 5' -cytidylic acid to the 5 'end of an oligonucleotide 
designed as a primer from the base sequence of the target nucleic 
acid. The expression "fluorescence quenching probe" is, 
therefore, defined to embrace not only probes designed based 
25 on the base sequence of the target nucleic acid but also probes 
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added at the 3' or 5' ends thereof, preferably the 5' ends thereof 
with S'-guanylic acid or 5'-cytidylic acid. 

If it is inconvenient to form the end into C or G, similar 
fluorescence quenching effect can also be obtained by 
5 fluorescence labeling C or G in the chain of a probe or primer. 

The nucleic acid probe of this invention to be used 
contains 5 to 5Q bases, preferably 10 to 25 bases, especially 
preferably 15 to 20 bases. No particular limitation is imposed 
on its base sequence insofar as the probe hybridizes 
."10 specifically to the target gene. 

According to the quantitative PCR method making use of 
the fluorescence quenching probe, the target gene can be easily 
and specifically amplified in short time. When a fluorescence 
quenching probe labeled at the 5' end thereof with a fluorescent 
15 dye is used, a target gene labeled at the 5' end thereof with 
the fluorescent dye is amplified [Jikken Igaku (Laboratory 
Medicine), 15(7), Yodosha (1997)]. 

As a thermal cycler for use in the quantitative PCR method, 
any one of various equipment currently available on the market 
20 can be conveniently used no matter whether or not it permits 
real-time monitoring. Particularly preferred examples of 
equipment, which permit real-time monitoring, can include "ABI 
PRISM W 7700 Sequence Detection System 7 ' (SDS 7700) (trade name; 
manufactured by Perkin-Elmer Applied Riosystem, Inc./ CA, 
25 U.S.A.) and "LightCycler"™ System" (trade name; manufactured 
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by Roche Diagnostic GmbH, Mannheim, Germany) , 

Amplification of a gene can be attained under amplifying 
reaction conditions known to date. It is generally desired 
to proceed with amplification to an amplification degree which 
5 is commonly used. In the course of the amplification of the 
target gene, the intensity of fluorescence is measured by a 
fluorimeter. Changes in the intensity of fluorescence are 
proportional with amplified amounts of the gene. Plotting of 
the changes in the intensity of fluorescence as a function of 
10 time (cycles in the case of PCR] on an ordinary graph paper gives 
an S-shaped (sigmoid) curve, whereas their plotting on a semilog 
graph paper gives a line, which linearly increases in the 
beginning like an exponential function but then forms a curve 
which reaches a gentle plateau, 

15 As the degree of amplification of the target gene, in 

other words, the time to stop the amplifying reaction of the 
gene to improve the quantitativeness of the initial amount of 
the gene before starting PCS. depends upon the purpose of the 
polymorphous analysis, no particular limitation is imposed 

20 thereon. Described specifically, when a polymorphous system 
is analyzed for only priority polymorphism, it is suited to 
amplify the target gene for a desired time from the initial 
observation of a change in the intensity of fluorescence until 
before the above-described plateau is reached. It is most 

25 preferable to stop the reaction in an exponential growth phase 
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[i.e. r before reaching a midpoint o£ the sigmoid curve (a point 
where a derivative of the curve becomes 0) ] . When it is desired 
to analyze all polymorphous species contained in the 
polymorphous system, it is desired to conduct several 
5 experiments in a trial and error manner to determine a degree 
of amplification considered to be the best and then to amplify 
the gene to such extent that genes, which show polymorphism in 
the reaction system, can all be observed. A method - in which 
amplification is conducted by dividing it in plural stages, in 

10 other words, an experiment is conducted at plural degrees of 
amplification and the results are analyzed as a whole - can also 
be adopted appropriately,, because minor polymorphous species 
tend to draw a sigmoid curve having large time lags. 

When the quantitative PCB. method, especially the 

15 real-time monitoring quantitative PGR method is performed using 
the fluorescence quenching probe of this invention as a primer, 
the fluorescence quenching probe as the primer is used 
repeatedly for the amplification of the target gene so that the 
target gene labeled at the 5 'end thereof with the fluorescent 

20 dye is amplified. The amplified target gene then hybridizes 
to the corresponding target gene. When this hybridization 
takes place, the intensity of fluorescence decreases > It is 
therefore only required to conduct the amplifying reaction to 
the best degree of amplification in a similar manner as 

25 described above while tracing decreases in the intensity of 
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fluorescence. This quantitative PCR method can also be 
conducted under similar reaction conditions as the conventional 
PCR methods . Accordingly, amplification of a target gene can 
be conducted in a reaction system the Mg ion concentration of 
5 which is low {1 to 2 mM) or, as was known conventionally, is 
high (2 to 4 mM) . 

It is preferred to prepare a working line for the target 
gene by using a target gene before the amplifying reaction of 
the target gene* A description will now be made about an 

10 illustrative case in which the above-described fluorescence 

-* quenching probe was used as a primer and the real-time 

monitoring quantitative PCR method was conducted. 

Plotting of decreases in the intensity of fluorescence 
as a function of cycles on an ordinary graph paper gives an 

15 S-shaped (sigmoid) curve. An exponential relation exists 

between the number of cycles at a time point where the rate of 
decrease was the greatest and the initial number of copies of 
the target gene {the number of copies before the initiation of 
PCR), that is, the target gene in the initial stage. Advanced 

20 preparation of a target straight line, which represents the 
correlation between the number of cycles and the number of 
copies at that time point, makes it possible to determine the 
initial number of copies of the target gene in an unknown sample, 
namely, the initial amount of the target gene. 

25 Incidentally, the above-described quantitative PCR 
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method making use of the fluorescence quenching probe is a novel 
method developed by the present iavsntors . 

As the second feature of the quantitative polymorphous 
analysis method, it is an analysis method for analyzing data 
5 obtained by the quantitative PCR method. 

As a matter of fact, it is nothing but a method for 
analyzing data obtained by the above-described quantitative PCR 
process. This analysis method is currently most suited for 
determining the initial amount of the target gene as accurately 
10 as possible. 

This invention also relates to a reagent kit for use in 
the above-^described quantitative gene amplification process 
and also to a computer-readable recording medium characterized 
in that a program for making a computer perform the above- 
15 described data analysis method is recorded. 

Moreover, the present invention also relates to a data 
analysis system characterized in that the system is provided 
with means for conducting the above-described data analysis 
method. 

20 The third feature of the present invention relates to a 

method for analyzing polymorphism with respect to genes 
amplified by the quantitative PCR method according to the 
present invention. 

Now, this polymorphous analysis method will be described 

25 specifically. Among various polymorphous analysis methods, 
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T-RFLP can be suitably used in the present invention. As an 
example of the present invention, a gene is amplified by a 
quantitative PCR method making use of a fluorescence quenching 
probe as a primer, especially by a real-time monitoring 
5 quantitative PCR method, and the initial amount of the gene 
before PCR is determined. Further, a detailed description 
will be made about a method for analyzing polymorphism of the 
amplification products by T-RFLP. Incidentally, the gene 
amplified by using the fluorescence quenching probe as a primer 
"10 is labeled at the 5' end thereof with the fluorescent dye useful 
in the practice of the present invention. 

(1) Firstly, the amplification products are digested by 
a restriction endonuclease . As this restriction endonuclease, 
the currently known restriction endonucleases are all usable. 

15 Illustrative are Bso FI, Hha I, Hon I, Mnl I, Rca I , Alu I and 
Msp I. Among these, preferred are Rca I, Alu I and Mso I, with 
Hha I being most preferred. As digesting reaction conditions, 
conditions generally employed for the currently known genes can 
be used. If Hha I is chosen, as a restriction endonuclease, for 

20 example, it is reacted at 37<C for 6 hours at a restriction 
endonuclease concentration of 10 units. 

(2) Gene fragments digested as described above can 
preferably be thermally modified into single-stranded forms. 
This modification treatment can be conducted under usual 

25 conditions known to the public. For example, they are treated 
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at 97*C for 5 minutes and then chilled in ice. 

(3) Analysis and determination of gene fragments 
In the polymorphous analysis method of the present 
invention, only the gene fragments labeled with the fluorescent 
5 dye are analyzed and determined by electrophoresis, HPLC, 
sequencer or the like. 

Described specifically, individual bands and band peaks 
are detected based on fluorescence intensities. This 
detection can be conducted using an ordinary analyzer currently 
10 available on the market. Examples of the analyzer can include 
"ABI 373A" (trade name, a sequencer manufactured by Applera 
Corp-Applied Biosystema Group, CT, U.S.A. )r "ABI 377" (trade 
name, a sequencer manufactured by Applera Corp-Applied 
Biosystems Group, CT, U.S.A.), and "Biofocus 3000" (tradename; 
15 manufactured by Bio-Rad Laboratories, Inc. CA, U.S.A.). 

In the present invention, appearance of plural bands or 
plural peaks in the above-described analysis means existence 
of polymorphism. A single band or a single peak means non- 
existence of polymorphism. A fluorescence intensity ratio of 
20 individual bands or peaks obviously means a polymorphous ratio. 
As the amount of a target gene before PCR is determined in the 
quantitative PCR method of the present invention, 
multiplication of the determined value by the above-described 
polymorphous ratio makes it possible to determine the initial 
25 amounts of the individual species of the polymorphous gene. 
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A method for obtaining data with respect to polymorphism 
as described above has been successfully provided for the first 
time owing to the use of the quantitative PCR method making use 
of the fluorescence quenching probe of the present invention. 

Further, a convenient reagent kit far quantitative 
polymorphous analysis can also be provided by either including 
or attaching a reagent kit for the quantitative PCR method. 

In addition, additional recording of a program, which is 
adapted to make a computer perform an analysis of data of the 
above-described real-time monitoring quantitative PCR, in a 
computer-readable recording medium - in which a program for 
making the computer perform the analysis method of data obtained 
by the above-described polymorphous analysis method has already 
been recorded - can provide a more convenient, computer- 
readable recording medium for the analysis of data obtained by 

the quantitative polymorphous analysis method. 

Moreover, combined arrangement of a data analyzer for PCR 
with a polymorphous analyzer equipped with means for performing 

the quantitative polymorphous analysis method can provide a 
more convenient polymorphous analyzer. 

The present invention will next be described more 

specifically based on the following Examples and Comparative 

Examples. Examples 1-7 relate to fluorescence emitting probes 

according to the present invention. 

Example 1 
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Synthesis of nucleic acid probe 

Assuming that the base sequence of a target nucleic acid 
was ( 5 ' ) GGGGGGAAAAAAAAA { 3 ' ) formed of an oligodeoxy- 
ribonucleotide, synthesis of a nucleic acid probe according to 
5 the present invention was conducted in the following order. 
Designing of nucleic acid probe 

As the base sequence of the target nucleic acid was 
( 5 ' ) GGGGGGAAAAAAAAA { 3 ' ) , it was possible to readily design the 
base sequence of the nucleic acid probe as 
"10 (5' ) TTTTTTTTTCCCCCC (3' ) formed of an oligodeoxyribonucleotide . 

The nucleic acid probe according to the present invention was 
J designed further as will be described hereinafter. It was 

decided to label a fluorescent dye, Texas Red, to a phosphate 
group on the 5 'end and a quencher substance, Dabcyl, to an OH 
15 group on the 6-C of a base ring of the 6 th thymine from the 5 'end 
(Design of Texas Red- (5' ) TTTTTT (Dabcyl-) TTTCCCCCC (3' ) ) . 

Using * 5 'Amino -Modifier C6 Kit" (trade name, product of 
Glen Research Corporation, VA, U.S.A.) , the phosphate group of 
thymidylic acid was modified with an amino linker (protecting 
20 group; MMT) . Using "Amino-Modif ier C2dT Kit" {trade name, 

product of Glen Research Corporation, va, U.S.A. ) , the OH group 
on the 6-C of the base ring of thymidine was modified with an 
amino linker (protecting group: TFA) . Using those modified 
thymidylic acid and thymidine, an oligonucleotide having the 
25 following base sequence was synthesized by a DNA synthesizer 
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pABI 394") (tradename, manufactured, by PexkinElmer Japan Co . , 
Ltd. , Japan) . Specifically, it was a deoxyribooligonucleotide 
having the base sequence of (5' ) TTTTTTTTTCCCCCC (3 r ) , the 
phosphate group on the 5' end was modified with the amino linker 
5 (protecting group MMT) , and the OH group on the 6-C of the base 
ring of the 6 th thymine from the 5' end was modified with the 
amino linker (protecting group: TFA) . Incidentally, the 
synthesis of DNA was conducted by the |}-cyanoethylphosphor- 
amidate method. After the synthesis, elimination of the 
nlO protecting groups was conducted with 28% aqueous ammonia at 55t 
for 5 hours . 

Purification of synthesized product 

The synthetic oligonucleotide obtained as described 
=-: above was dried into a. dry product. The dry product was 

: " 15 dissolved in 0-5 m NaHC0 3 /Na 2 C0 3 buffer (pH 9.0) . The solution 
was subjected to gel filtration through "NAP-25 Column" {trade 
name, product of Pharmacia AB, Uppsala, Sweden) , whereby 
unreacted substances were removed. 
Labeling with quencher substance 
20 The filtrate was dried into solid, and dissolved in 

sterilized water (150 uL) (oligonucleotide A solution) . 
"Dabcyl-tfH$" (trade name, product of Molecular Probes, Inc., 
OR, U.S.A.) (lrag) was dissolved in DMF (dimethylf ormamide) (150 
uL) , and the oligonucleotide A solution and 1 M NaHC0 3 /NajC0 3 
25 buffer (150 uL) were added. The resulting mixture was stirred, 
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followed by a reaction overnight at room temperature . 
Purification of synthesized product 

The reaction product was subjected to gel filtration 
through "NAP-25" {trade name, product of Pharmacia AB, Uppsala, 
5 Sweden) to remove unreacted substances. Then, the protecting 
group (MMT) on the 5' end was eliminated with 2% TFA. Reversed 
phase HPLC was conducting using "SEP-PAC C LS column" to 
fractionate the target product in which the quencher substance, 
=== Dabcyl" was bound to the linker -(CHj) 7 -NH 2 of the 

= 10 oligonucleotide. The fractionated product was subjected to 

gel filtration through ""NAP-10" (trade name, product of 
? Pharmacia AB, Uppsala, Sweden) . 

Labeling with fluorescent dve 
= :1= The gel filtrate was dried into solid, and dissolved in 

15 sterilized water (150 uL) (oligonucleotide B solution), 

"Sulforhodamine 101 Acid Chloride" (trade name, product of 
Dojindo Laboratories, Kumamoto, Japan) (1 mg) was dissolved in 
DMF (100 pL) , and the oligonucleotide B solution and 1 M 
NaHC0 3 /Na a C0 3 buf f er (150 uL) were added. The resulting mixture 
20 was stirred, followed by a reaction overnight at room 

temperature to have the fluorescent dye, Texas Red, bound to 
the amino liner on the S' end. 
Purification of synthesized product 

The reaction product was subjected to gel filtration 
25 through ""NAP-25" (tradename, product of Pharmacia AB, Uppsala, 
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Sweden} to remove unreacted substances. Reversed phase HPLC 
was conducted in a similar manner as described above, and a 
nucieic acid probe according to the present invention, which 
was an oligonucleotide with the quencher substance bound to the 
5 7 th thymine base from the 5' end and also with the fluorescent 
dye, Texas Red, added to the 5' end, namely, an nucleic acid probe 
labeled with the fluorescent dye and the quencher substance was 
obtained. Incidentally, the invention nucleic acid probe was 
eluted with a lag from the oligonucleotide with the quencher 

10 substance bound thereon* 

Quantitation of the invention nucleic acid probe 
conducted by measuring a value at 2 60 nM with a 
spectrophotometer. With respect to the probe, scanning of an 
absorbance over 650 nrn to 22 0 nm. was also conducted using the 

15 spectrophotometer. As a result, absorptions ascribed to 
Dabcyl, Texas Red and DNA, respectively, were confirmed. 
Further, the purity of the purified product was tested by 
similar reversed phase HPLC as in the above. As a result, it 
was confirmed that the purified product gave a single peak. 

20 The invention nuclear acid probe synthesized as described 

above is free of any base sequence having complementation at 
at least two positions between the base chains at positions 
where the probe was labeled with Texas Red as a fluorescent dye 
and Dabcyl as a quencher substance, respectively. The 

25 invention nuclear acid probe, therefore, does not form any 
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double-stranded chain in its own chain. In other words, the 
invention nuclear acid probe does not form any stem-loop 
structure. 

The above-described reversed phase chromatography was 
5 conducted under the following conditions: 

Eluting solvent A: 0.05 N TEAA 5% CH a CN 
Eluting solvent B (for gradient elution) : 0.05 N TEAA 

4 0% CH 3 CN 

Column: ^SEP-PAK C18" (trade name), 6 x 250 mm 
10 Elution rate: 1.0 mL/min 

Temperature: A0°C 
Detection: 254 nm 
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Example 9 

Using a 200-mL Erlenmeyer flask which had been sterilized 
and which contained sterilized nutrient broth (NB) (50 mL; 
product of Difco; composition; NB, 0.08 g/100 mL) , Escherichia 
coli JM109 was cultured overnight at 37t under shaking. To the 
culture, an equivalent amount of 99.7% ethanol was then added. 
A 2-mL aliquot of the ethanol-added culture was centrifuged in 
a 2 . Q-mL Eppendorf centrifuge tube, whereby cells were obtained. 
The cells were washed once with 30 mM phosphate buffer {sodium 
salt) (100 ML; pH 7.2). The cells were suspended in the 
phosphate buffer (100 ix L) which contained 130 mM NaCl , The 
suspension was ultrasonicated for 40 minutes under ice cooling 
(output: 33 W, oscillating frequency: 20 kHz, oscillation 
method: 0 . 5-second oscillation, followed by a 0 . 5-second pause) , 
whereby a homogenate was prepared. 

After the homogenate was centrifuged, the supernatant was 
collected and was then transferred into a cell of a fluorimeter. 
The cell with the supernatant placed therein was controlled at 
36X:. A solution of the above-described nucleic acid probe, 
said solution having had been controlled to 3 6^ beforehand, 
was added to the supernatant to give a final concentration of 
5 nM. While controlling at 3 6t:, E. coll 16S rRNA and the nucleic 
acid probe were hybridized for 90 minutes. Intensity of 
fluorescence emission from the fluorescent dye was then 
measured by the fluorimeter. 
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As the intensity of fluorescence emission from the 
fluorescent dye before the hybridization, a value measured by 
using 3Q mM phosphate buffer (sodium salt) , which contained 130 
mM NaCl, (pH; 7.2) instead of the above-described supernatant 
was adopted. Intensity of fluorescence emission was measured 
by changing the ratio of the amount of the nucleic probe to the 
amount of the supernatant (exciting light: 503 nm; measured 
fluorescence color: 512 nm) . The results are shown in FIG. 7. 
As is appreciated from FIG. 1, the intensity o£ fluorescence 
emission from the fluorescent dye decreased as the ratio of the 
amount of the supernatant increased. Namely,, it is understood 
that in the present invention, the magnitude of a decrease in 
fluorescence emission from a fluorescent dye becomes greater 
in proportion to the amount of a target nucleic acid to which 
a nucleic acid probe hybridizes. 
Example 10 

Preparation of nucleic acid probe 

An oligonucleotide, which was to be hybridised to 23S rRNA 
of Escherichia coli JM109, had a base sequence of 
(5' )CCCACATCGTTTTGTCTGGG(3' ) and contained -(CH 2 ) 7 -NH Z bonded 
to the OH group on the carbon atom at the 3' position of the 
5' end nucleotide of the oligonucleotide, was purchased from 
Midland Certified Reagent Company r U.S.A. as in Example 8 , From 
Molecular Probes, Inc., "FluoroReporter Kit F-6082" {trade 
name) was also purchased as in Example 8, which contained not 
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only v,, BODIPY FL" propionic acid succinimidyl ester but also a 
reagent for conjugating the compound to the amine derivative 
of the oligonucleotide. The kit was caused to act on the 
above-purchased oligonucleotide, whereby a nucleic acid probe 
labeled with SS BQDIPY FL" was synthesized. The synthesized 
product so obtained was purified as in Example 8, whereby the 
nucleic acid probe labeled with w BODIPY FL" was obtained with 
a yield of 25% as calculated relative to 2 mM of the starting 
oligonucleotide . 
Example 11 

With Escherichia coli OM109 cells obtained in Example 9, 
cells of Pseudomonas paucimohilis (now called "Sphingomonas 
paucimobilis) 421 Y {FERM P-5122), said cells having have been 
obtained using the same culture medium and cultivation 
conditions as in Example 9, were mixed at the same concentration 
as .Escherichia coli JM109 in terms of OD660 value, whereby a 
co-cultivation system of the microorganisms was prepared. 
From the resulting mixed system in which the cell concentration 
of Escherichia coli JM109 was the same as that in Example 9, 
a homogenate was prepared in the same manner as in Example 9. 
An experiment was conducted in a similar manner as in Example 
9 except that the nucleic acid probe prepared in Example 10 was 
used, 543 nrri exciting light was used, and 569 nm fluorescence 
was measured. The results were similar to those obtained in 
Example 9 . 
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Example 12 

The base selectivity of a target nucleic acid in the 
quenching phenomenon fluorescence, that is, the base 
selectivity according to the present invention was investigated. 
Ten kinds of synthetic target deoxyribooligonucleotides (30 
mer; poly a to poly j), which will be described subsequently 
herein, were prepared by a DNA synthesizer, "ABI394" (trade 
name; manufactured by Perkin-Elmer Corp.) 

Also prepared were the below-described probes according 
ta the present invention, which were labeled with "BQDIPY FL" 
at the 5' ends of deoxyribooligonucleotides corresponding to the 
above-described synthetic deoxyribooligonucleotides (target 
genes or target nucleic acids) , respectively. 

Primer deoxyribooligonucleotides, which corresponded to 
the above-described synthetic deoxyribooligonucleotides and 
contained -(CH 2 ) e -NH 2 bonded to the phosphate groups at the 
5' ends of the primer deoxyribooligonucleotides, were purchased 
from Midland Certified Reagent Company. From Molecular Probes, 
Inc., "FluoroReporter Kit F-6082" {trade name) was also 
purchased, which contained not only "BODIpy FL" propionic acid 
succinimidyl ester but also a reagent for conjugating the 
compound to the amine derivative of the 

deoxyribooligonucleotide . The kit was caused to act on the 
above-purchased primer deoxyribooligonucleotides, whereby 
invention nucleic acid probes labeled with "BODIPY FL" {probes 
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a, b r c, d, f, g, h) were synthesized. An investigation was 
made under the below-described conditions to determine how much 
the fluorescence emission from the fluorescent dye would 
decrease when the probes were caused to hybridize to their 
corresponding synthetic deoxyribooligonucleotides, and the 
specificity of the invention probes was studied. 
Fundamentally, purification was conducted in a similar manner 



Example 8 . 




Name 


Target deoxyribooliaonucleotide 


poly a 


5 ' ATATATATTTTTTTTGTTTTTTTTTTTTTT3 ' 


poly b 


5 ' ATATATATTTTTTTTTGTTTTTTTTTTTTT3 ' 


poly c 


5 ' ATATATATTTTTTTTTTGTTTTTTTTTTTT3 ' 


poly d 


5 ' ATATATATTTTTTTTTTTGTTTTTTTTTTT3 ' 


poly e 


5 ' ATATATATTTTTTTTTTTTGTTTTTTTTTT3 ' 


poly f 


5 ' ATATATATTTTTTTTCTTTTTTTTTTTTTT3 ' 


poly g 


5 ' ATATATATTTTTTTTTCTTTTTTTTTTTTT3 ' 


poly h 


5 ' ATATATATTTTTTTTTTCTTTTTTTTTTTT3 ' 


poly i 


S' ATATATATTTTTTTTTTTCTTTTTTTTTTT3' 


poly j 


5 ' ATATATATTTTTTTTTTTTCTTTTTTTTTT3 ' 
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Name Invention probe 

Probe a_ 3' TATATATAAAAAAAACAA5' -BODIPY FL/C6 

Probe b 3' TAT ATATAAAAAAAAACA5' -BODIPY FL/C6 

Probe c 3' TAT ATATAAAAAAAAAAC5' -BODIPY FL/C6 

Probe d 3' TAT ATATAAAAAAAAAAA5' -BODIPY FL/C6 

Probe f 3 'TATATATAAAAAAAAGAA5' -BODIPY FL/C6 

Probe g 3' TATRTATAAAAAAAAAGA5' -BODIPY FL/C6 

Probe h 3' TAT ATATAAAAAAAAAAG5 ' -BODIPY FL/CS 

Components of hybridization mixture 

Synthetic DKA 32 0 nM (final concentration) 

Nucleic acid probe 80 nM (final concentration) 

KaCl 50 nM (final concentration) 

MgCl 2 3- nM ( final concentration) 

Tris-HCl buffer (pH 7.2) 10 0 nM (final concentration} 
*MiliQ" purified water 1.6992 

Final whole volume 2.0000 mL 

Hybridization temperature: 51°C 

Measuring conditions 

Exciting light: 503 nm 

Measured fluorescence color: 512 nm 
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Table 2 



Nucleic acid probe 


Target nucleic acid 


Decrease in 
Fluorescence 
intensity (%) 


a 


a 


-10 


b 


b 


2 


c 


c 


75 


d 


d 


48 


d 


e 


18 


f 


f 


-8 


g 


g 


-2 


h 


h 


70 


d 


r 


-6 


d 


j 


-5 



The results are shown in Table 2. As is appreciated from 
Table 2, it is preferred to design the base sequence of a nucleic 
acid probe labeled with a fluorescent dye such that, when the 
nucleic acid probs hybridizes to a target DNA 
{deoxyribooligonucleotide) , at least one G (guanine) base 
exists in the base sequence of the target DNA at a position 1 
to 3 bases apart from an end base portion where the probe and 
the target DNA are hybridized with each other. From Table 2, 
it is also understood to be desired to design the base sequence 
of a nucleic acid probe labeled with a fluorescent dye such that, 
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when the nucleic acid pz-obe is hybridized with a target DNA, 
base pairs in the nucleic acid hybrid complex form at least one 
G (guanine) and C (cytosine) pair at the end portion. 
Example 13 

5 Target nucleic acids and invention nucleic acid probes 

of the below-described base sequences were prepared. In a 

i similar manner as in the preceding Example, an investigation 
was made about effects of the number of G(a) in each target 
nucleic acid and the number of G(3) in its corresponding 



10 


invention nucleic 


acid probe . 




Name 
poly k 


Tarqet deoxvriboolicronucleotide 




5 ' TATATATATATTTTTGGGGG3 ' 




poly I 


5 ' TATATATATATTTTTTGGGG3 ' 




poly m 


5 ' TATATATATTTTTTTTTGGG3 ' 


15 


poly n 


5 ' T AT ATAT ATTTTTTT TTTGG3 ' 




poly o 


5 f TATATATATTTTTTTTTTTG3' 




poly p 


5 ' TATATATATATTTTTCCCCC3 ' 




poly q 


5 ' TATATATATATTTTTTCCCC3 ' 




poly r 


5 ' T ATATATATTTTTTTTTCCC3 ' 


20 


poly s 


5 ' TATATATATTTTTTTTTTCC3 ' 




poly t 


5 ' TATATATATTTTTTTTTTTC3 ' 




poly u 


5 ' TATATATATTTTTTTTTTTT3 ' 
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5 



Name 






Invention isrobe 






probe 


k 


3' 


ATATATATATAAAAACCCCC5' ■ 


-BODIPY 


FL/C6 


probe 


1 


3' 


ATATATAT AT AAAAAACCCC 5 ' ■ 


-BODIPY 


FL/C6 


probe 


m 


3' 


AT ATATATAT AAAAAAACCC 5 ' • 


-BODIPY 


FL/CS 


probe 


n 


3' 


' AT AT AT AT AT AAAAAAAACC 5 ' ■ 


-BODIPY 


FL/CS 


probe 


o 


3' 


r AT AT AT AT AT AAAAAAAAAC 5 ' ■ 


-BODIPY 


FL/C6 


probe 


P 


3' 


' AT AT ATATATAAAAAGGGGG5 ' 


-BODIPY 


FL/C6 


probe 


q 


3' 


' AT AT AT AT AT AAAAAAGG GG 5 ' 


-BODIPY 


FL/C6 


probe 


r 


3' 


r ATATATAT AT AAAAAAAGGG 5 ' 


-BODIPY 


FL/C6 


probe 


3 


3' 


' ATATATATATAAAAAAAAGG5 ' 


-BODIPY 


FL/C6 


probe 


t 


3 


' ATATATATATAAAAAAAAAG5 ' 


-BODIPY 


FL/C6 


probe 


u 


3 


' ATATATATATAAAAAAAAAA5 ' 


-BODIPY 


FL/C6 
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Table 3 



Nucleic acid probe 


Target nucleic acid 


Decrease in 
Fluorescence 
intensity (%) 


k 


k 


93 


1 


1 


92 


m 


m 


94 


n 


n 


92 


o 


o 


87 


P 


P 


61 


q 


q 


68 


r 


r 


69 


5 


s 


75 


t 


t 


73 




u 


2 



As is appreciated from Table 3, neither the number of G(s) 
5 in a target nucleic acid nor the number of G(s) in an invention 
probe substantially affects a decrease in fluorescence 
intensity. 
Example 14 

Target nucleic acids and invention nucleic acid probes 
10 of the below-described base sequences were prepared in a similar 
manner as described above. The invention nucleic acid probes 
in this Example were each labeled at the 5' end portion of 
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10 



oligonucleotide with "BODIPY FL/C6". In a similar manner as 
in the preceding Example, an investigation was made about 
effects of the kind of bases in each target nucleic acid and 
the kind of bases in its corresponding invention nucleic acid 
probe . 

Name Target daoxyribpolicron ucleotide 

poly W 5 T CCCCCCTTTTTTTTTTTT3 ' 

poly X 5 ' GGGGGGAAAAAAAAAAAA3 ' 

poly Y 5'TTTTTTCCCCCCCCCCCC3 r 
poly Z 5 ' AAAAAAGGGGGGGGGGGG3 ' 
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Name Invention probe 

probe w BODIPY FL/C6-5 ' AAAAAAAAAGGGGGG3 r 

probe X BODIPY FL/ C6-5 ' TTTTTTTTTCCCCCC3 T 

probe y BODIPY FL/C6-5' GGGGGGGGGAAAAAA3 ' 

probe z BODIPY FL/C6-5' CCCCCCCCCTTTTTT3' 



| Decrease in 
fluorescencG 
inten3ity r % (C) * 


to 




LO 

CN 


CM 

cr. 


Fluorescence intensity 
after addition of target 
nucleic acid {B) 


o 
a> 
f> 


O 

r> 


O 
IT> 


o 

n 


Fluorescence 
intensity from 
probe alone (A) 


ro 

CO 


o 
-* 


a 


o 
w> 


Target nucleic 
acid 






>, 


N 


Nucleic acid 
probe 


£5 


X 


>* 
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As is appreciated from Table 4 and the preceding Example, 
a substantial decrease takes place in fluorescence intensity 
( i ) when an end of an invention probe labeled with a fluorescent 
dye is composed of C and hybridization of a target nucleic acid 
forms a G-C pair, or(fi) when an end of an invention probe labeled 
with a fluorescent dye is composed of a base other than C and 
at least one G exists on a side closer to the 3' end of a target 
nucleic acid than a base pair formed of a base at a location 
where the invention probe is labeled with the fluorescent dye 
and a base of the target nucleic acid. 
Example 15 

Concerning the kinds of dyes usable for labeling nucleic 
acid probes of the present invention, an investigation was made 
in a similar manner as in the preceding Examples. As an 
invention probe, the probe z of Example 14 was used. As a target 
nucleic acid, on the other hand, the oligonucleotide z of 
Example 14 was employed. 

The results are shown in Table 5 . As is readily envisaged 
from this table, illustrative fluorescent dyes suitable for use 
in the present invention can include FITC, "BOD1PY FL", "BODIPY 
FL/C3", "BODIPY FC/C6", 6-joe, and TMR. 
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Table 5 



Fluorescent dye 


Decrease in fluorescence intensity (%) 


FITC 


90 


"BODIPY FL" 


95 


"BODIPY FL/C3" 


98 


"BODIPY FL/C6" 


97 


6- joe 


75 


TMR 


93 



Incidentally, the decreases (%} in fluorescence 
Intensity -were calculated in a similar manner as in Example 14 . 
Example 16 [Experiment, on effects of heat treatment of target 

nucleic acid (16S rRNA) ] 
Preparation of invention nucleic acid probe 

An oligonucleotide was purchased from Midland Certified 
Reagent Company/ U.S.A. as in Example 8. The oligonucleotide 
had a base sequence of (5' ) CATCCCCACC TTCCT CCGAG TTGACCCCGG 
CAGTC(3') (35 base pairs) hybridizable specifically to the 16S 
rRNA base sequence of KYM-7 strain, said base sequence being 
equivalent to the base sequence ranging from the 1156 th base 
to the 11 90 th base of the 16S rRNA of Escherichia coll JM109, 
contained deoxyribonucleotides at the 1 st to 16 btl bases and the 
25 ch to 35 th bases, respectively, and a methyl -modified 
ribooligonucleotide at the 17 th to 24 th bases, said methyl- 
modified ribooligonucleotide being modified with a methyl group 
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[modified with an ether bond) at the OH group on the carbon atom 
at the 2'position, and was modified with -(CH 2 ) 7 -NH 2 at the OH 
group of the phosphate group at the 5 l end. On the other hand, 
2-O-Me-oligonucleotide for use in the 2-G-Me probe (a probe 
formed of a 2-O-Me-oligonucleotide will be simply called 
"2-O-Me probe") was obtained from GENSET SA, Paris, France by 
relying upon their custom DNA synthesis services. 

From Molecular Probes, Inc. , v Fluor ©Reporter Kit F-6082" 
(trade name) was also purchased,- which contained not only 
"BODIPY FL/C6" propionic acid succinimidyl ester but also a 
reagent for conjugating the compound to the amine derivative 
of the oligonucleotide. The kit was caused to act on the above 
oligonucleotide, whereby a nucleic acid probe labeled with 
"BODIPY FL/C6" was synthesized. The synthesized product so 
obtained was purified as in Example 8, whereby the nucleic acid 
probe according to the present invention labeled with "BODIPY 
FL/C6" was obtained with a yield of 23% as calculated relative 
to 2 mM of the starting oligonucleotide. This probe was named 
"35-nucleotides-chained 2-0-Me probe". 

Using a DNA synthesizer, an oligoribonucleotide having 
a base sequence of (5' ) TCCTTTGAGT TCCCGGCCGG A (3') was 
synthesized as in the above to provide it as a forward-type 
hepter probe. On the other hand, an oligoriboxynucleotide 
having a base sequence of (5' ) CCCTGGTCGT AAGGGCCATG ATGACTTGAC 
GT {3 ' ) was synthesized by using a DNA synthesizer, in a similar 
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manner as described above to provide it as a backward- type, in 
other words, reverse-type helper probe. 

The 35-nucleotides-chained 2-0-Me probe, the forward- 
type helper probe and the reverse-type helper probe were 
dissolved in buffer of the below-described composition such 
that their concentrations reached 25 nM, respectively, and the 
solution so obtained was heated at 75*C (probe solution} . 

The above-described 16S rRNA was subjected to heat 
treatment at 95t for 5 minutes, and was then added to the probe 
solution which had been maintained under the below-described 
reaction conditions. By a fluorescence measuring instrument 
"Perkin-Elmer LS-5DB" (trade name), the intensity of 
fluorescence was measured. The results are shown in FIG. 8. 
Incidentally, data obtained by using 16S rRNA which was not 
subjected to the above-described heat treatment are plotted as 
a control. It is understood from FIG . 8 that substantial 
decreases in fluorescence intensity took place in the 
experimental group subjected to heat treatment. These results 
indicate that heat treatment of 16S rRNA at 9$XZ induces 
stronger hybridization with the probe according to the present 
invention . 

Reaction • conditions : 

16S rRNAi 10,0 nm 

Probe; 25 nM, each 

Buffer: 100 mM succinic acid, 125 mM 
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lithium hydroxide,- 8.5% lithium 
dodecylsulfite, pH 5.1 
Temperature: 75°C 
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lfflSB©16SrRNAi:>W 7' y ^ XT *TTB©«^l©3|s^g|l|©®»r n - 

m&Z-* *3S?SO2-0-He7' n - 7*fl</ W 7* 'J ^ -< 4? - *> 3 > L T ^ 
a 2-o-Me -fv- 7<DiMMMti i &^®T-& id -\/U/n> a - 7- 



— so — 
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CO 2 0 13 

1) 3 5^M2-o-Ie7 B n-7' : 'm&£B&W 1 6 t m b^n -7\ 

2) 3 5MiDNA^n-7': ItTfS 1 ) © 3 SSM^-o-Me^n — ^irl^l 

7°P-7\ 

3) 17 &g«2-0-Ife7*n - :/ ; $Tl2 1 ) O 3 5 J&ag^-O-Me^p -7'^ 

4) lTMiDNAT'p-?': fufS 2 ) © 3 3J;«&D N A^p >-7*<h^I 
7*> 

[0 2 0 23 

5 ) 7 * 9 - KM2-o-Me^;W>°- : WE&SMR 1 6<07t7-K 

<Dy#-*©2' fi^fcDOHI^ O-^/Wit-gO 

6) >;/<-Xif2-0-Me^l/^-7 B n-7* : ft1ji£*»J 1 6 CD y /^-XS^ 
^-7*P-7'©*;!fe8i£^# (5* 5SSH^6«^-C9^-1 6 &&#) © U 

7°P-7\ 

7) 7^7-FIDNAMVA'-rn-7: W^^faW 1 6 © V * V - K 

8) i;a'-xIDNA^M-7'd-7: IuIE SuiB^WJ 1 6 © y 

u tf is** h*t?M^nr^5^-^a-7\ 

9) 35 i6SS* y =f y stf* ? l/*-*" K : (5 ' )CATCCCCACC TTCCTCCGAG TTGA 
CCCCGG CAGTCC 3 * ) £ iHSSS^J^-^-f* £ * 'J p* »; # * £ L/ * K „ . 

10) 17 ±iSM^ y p" y # ? ? V* f- K : (5 ' )CCTTCCTCCC AGTTGACC3 ' ) 

— 81 — 
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[0 2 0 3] 

; 

16SrRNA: lOnM 
-?u--f\ 25nM 

: lOOmM a^gL i25mH ^SMbU M A > 

8. 5 96 !)5 l i>AKfWl/t;i'7 7'f h%pE5.1 

• 3 5 gSSS^-Q-He^P - 7* : 7 5 °C 

• 1 7it^2-0-Me^o-7* : 7 0°C 
' 3 51i^^DNArp-7*: 75^ 

• 1 7t£WM*y =T'J KDNA^D-r : 6 0°C 
CO 2 0 43 

f£H^ g| 9 A : 

HPCJO+ : 1 6 S r R N As 3 A7°n- 7\ 7*7-KS!L2- 

HP(D)+ : 1 6 S r RNA, 3 5MiDNA/P-/, 7*7- KDNA 

"n;W>* - 7° a - 7\ "J ' < - ^ID N *- 7° a - A 

HP-: HSrRNA, 3 5MiDNA^o-^ 

Ref. (MM) : 3 SJftSfWlDNA^-y ^UjJ?7 ^ 1/^"^ h\ 3 5^ii 
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[0 2 0 5] 

■mm* msB ■. 

HP0D + : 1 6 S rRNA> 3 5 £g^M2-0-Me:/n-:7\ 7t7- KM2-0 

-Me ^;W^-7*n-r % U ^ -xM2-0-Hs^ JU^-^u 
HPO0+: 1 6 S r R N A N 3 5iI^H2-0-Me^P 7^-7- 
K D N A^/L"* - 7 o - 7\ U A'-XiDNA^/W^-T'q- 
7\ 

HP- : 1 6 S rRNA, 3 5ffi££K2-0-He;rn-;7\ 
Ref. WI) : 3 SSHiDNAt'J zf<) #3* 9 l>*+ h\ 3 5%£0I 
2-0-Me7*cJ-y o 

tO 2 0 6] 

m 9 C : 

HP+00 : 1 6 S rRNA, 1 7i£»|D N A7°P 7 * <7 - KSJ2-0- 

HP+CD) : 1 6 S r RNAn l7^SiDNA^P-A 7*7- 
DNA^a'-t'q-^ iJ/<-XIDNA^-^p-A 
HP- : 1 6 S r RNA. 1 7 jtg^iliDN A:/o-7\ 
Ref. mm : 1 7ti«aftDNA#y=fy#2:?l/;r*'h\ 1 



CO 2 0 73 
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mm*> 09 D : 

HPtCM) : 1 6 S rRNA, 1 7f^^2-0-Me^n -7. 7*7- KM2-0- 
I&^jW * - 7° a - 7\ U ; < - 7. S2-0-He-%;W * - 7* p - 7\ 
HP+CD) : 16SrRNA, 1 7i&»l2-0-Me7 9 P-7\ 

HP- i 1 6 S r RNAs 1 7 ^^-O-MeT'a - 7\ 

Ref. <*fj&) : 1 7MiDNAt'J =T U #2 ? L/**- h\ 17^m 
2-0-Me7°a-7' o 

CO 2 0 83 

Itfffir RNA? , > 0. 1 ~ 1 0 n M©$gK©3 $ ttjftECfcl^T. 9 5 *C 

3 5^3g2-0-Ue7°a-77f 1.0~25nM 

8. 5% ' ( lf-'>AKfS'W7T'f K PH 5. 1 
EJ&m&: 7 5°C 

[0 2 0 9] 

mmm 1 9 cfise») 

■fe/Up**-*. (Cellulonionas)sp.KYI-TCFERM P-mS^^T^ P'<£ t 1 If tf A 
(Agrobacterium) sp. KYM-8CPERM P-16806) £># * CDr RNAC^r'J ^ 
5TfB<0#S&&J!© 3 5X\t 3 6%£tt^- U dy**** 'J # J ? Utf f- F 2-o-Me 



— 84 — 
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5. 

CO 2 1 03 

-fer/ba^X sp. KYM-76D r R NASHUA ©fc a&© 3 5 V ^ft* i/ 'J 

? is*? K2-o-Ke^n-7' ; 
(5 ' )CATCCCCACC TTCCT CCGAG TTGAC CCCGG CAGTCC3 * ) CT > ^- -5 Vgf5#riV 

T/o^f'J •> A sp. m-8© r RNAjB&gOfcfe© 3 6 &^§E;tlJ ..;?7 r ;^ 
4 : • >"J <K 2 ? 1/ # ^ K2-Q-Meyp-r : 
C5')CATCCCCACC TTCCTC TCGG CTTAT CACCG GCAGTC(3') (.7 Is?— 5 4 

f/i'iti^nt^s, ) 0 

CO 2 1 1] 

-fr;Pn*^-x sp. KYJK&tfT^n^ -r y t7 A sp. KYM-8£Tf5 
fcfl^ r RNA^RNeasy MaxikitCQIAGENti:) ^^"OHSilUfco SRrRNA 

£9 5«CT5a-jn?&8K ^&£0&#K:fcWcSts&^»iu. 7 o°c, 

1 0 0 O^HEiSS fM^-^^T-LS-S OBW L/ 
T&IJ5£L.*: 0 *<0*&**EI1 lfw^L^: s ft, £r RNAI4U sff^V -> 
(RiboGreen) total RNA Quantification Kit C^tbS : * 1/^17-^0- 
7* (molecular probes) % ]?pfeHk£ : Eugene, Oregon, USA) &Mt>^TM&l<iz 0 

fc, ^M^©rRNA©^fhfi{i^r RNA<k-&Ufc B ZQZtlU #31^ 
CO 2 1 23 

■ #ife4&J&Cg/l) : T'sfy, 10.0;TX'*5¥>m, 0. 1; K } HP0„, 5. 0;KB,PO«, 2. 
0 ; MgSOW&O , 0. 2 ; NaCl, 0. 1 ; (NH^SG, ; 0. 1. 

• 1 0 Oml£ 5 0 0nl2SO3-*;I/7 7 7 3i:^ftLs t?7Xa$ 

— 85 — 
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1 5 o r pm-cmn&mviz 0 

[0 2 133 

3 5 U =f -r ^ * U # 5 ? U * \?2-0-He7° u -7': 1. 0~ 

«fi&: lOOmM n^Sk 125jbM 7 JcMsVf-£^ 

: 75°C 



CO 2 1 43 

TIE© J: -3 ttg£SE?iJ <t *IB^ cD^Bft - L it 0 

^n-^a) , b) ^KAMno-Modifier C8 dC (Glen Research^) 4^^T7 

* y >; >*-*ya-rH^fjrtic3fAUfciK, :07;yj >#-kbodipy fl^ 

«6ttL,T^*o bodipy Fh^mm. m&imit* iwa£iwe*&. 

yp-^a) 5" CC-BODIPY FL)TTTTTTTTTCCCCCCCCC 3' 
T'o-T'b) 5" TTTCC-BOMPY FL)TTTTTTCCCCCCCCC 3' 
^n-7a) ®tiKti€ri&C) 5' GGGGGGGGAA AAAAAAAG 3* 
^D-rb) O&tt&lgd) 5' GGGGGGGGAAAAAAGAAA 3* 
[0 2 143 

TO^tol9 6^&.t-5C T-a-^a) . ^n-^b) ^fcSl&RBfefc'W 
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10 2 1 63 

^6 Sfctt«2 0<0fe* 







>M ^"U 




c) 


410 


75 


81.7 


d) 


3S0 


82 


78.4 



CO 2 1 71 

To 

«#]2 1 

-pairs)* lOOXM^'J^ * 4 0 ^i'^ Lfc e 7°n - 

y =f? 9 u*f- K©WE, ttflW*«»& S3W5Stt*> Sbfefllfc*^ 

f^tt if utmrnnm 1 2 1 iwc & & . 

CO 2 1 83 
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1&&%fb-fu — -? : 3'TTTTTITTGGGGGGGGC5'BODIPY FL/C6 
* L/^f" KN o, 1 : 5'AAAAAAAACCCCCCCCA3' 
'J^^Utf KNo. 2:5' AAAAAAAACCCCCCCCC3 ' 
i^'J^^WFNo. 3 : 5'AAAAAAAACCCCCCCCI3' 
(Irhypoxanthine) 

flt65^ 'J^^U^KNo. 4: 5 ' AAAAAAAACCCCCCCCG3 ' 
[0 2 1 9] 

^•Clt, ^^i^biiH^^n^^ofc^ «A93i-y KNo. 
[0 2 2 0] 



^7 





tttt&fettA (A) 




(A-B) /B 






^O^*?^ CB) 




No. 1 


3 4 0 


3 5 0 


- 0. 0 3 


No. 2 


3 3 2 


3 2 8 


0. 0 1 


No. 3 


3 4 3 


3 3 6 


0.0 2 


No. 4 


3 4 5 


5 2 


0.8 4 



CO 2 2 1 ] 

imm^^-z^ mt&&& m?Li*±te&tt*» kno. i~ 

i'^OMlE^^r^ ^4 CD (A-B) /B©ft#*^«5 fl 
^±©^^0. fPffi###2:£G£<Z>JyHK G^A, G^-A. C-»T> C«- 
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mmm2 2 

TlM L 3J©•^P-^'-C^'53 , TTTTTTTTGGGGGGGGC5 ' BOD I PY FL/C6 £> CD 3 ' 

5fcSH&©.'J 3' tM©OHIi:7 5 >«4-a»ALTiSS!iLfc^^D- 

lacD^ttp^ a - DNAfy •7 S ^^^GHS 7M 417ARRAYEK(TAKARA) "C 

£>© a ) HS^-ffioi^fco 9 5°C©7fCiC2^^T^&. 0, 2%SDS 

j&fi^ 7Kfri^^^2Jw2ii^o^^r^iS^ffit^U^ s ^ffl-ciiflftLfca 

tO 2 2 3] 
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&&ttDNA^*^jlWStSGMS TM 4 l8TU-^ + f- (Array 
Scanner) (T AKARA) L,*CM5St?#*„ 
[0 2 2 4] 

^W|2 3 :^?gcZ>DNA^-/^*^^fc— tgaf^Si (SNPs) ®^tB^ 

i ) %gm®Wtv>mm : fRn AAACSATGTG ggaaggccca gacagc cagg atgttggctt 
jj»ABI394(Perkin Eh«r4fc*k #ffl) £fll^T-&j£U Lfc, 

V*?*K*. DNA£jj»ABlS94(Perkin ElmerftSU #H) 
X^fifcLfco *UT. S'-Anino-Kodifler C7 CPG(^1^>'J^-^ #£n^## 
2 0-2 9 5 7) ^^-C. 3' »m^J^^«3' #©0H2£*7 
i^tLfc 9 5KB' V 1 2iHi43^tBODIPy 

FL Ufco 
CO 2 2 5] 

1) yn-riOO (100%? y f) : C5')CCTTCCCACA TCGTTTC3'). 

2) T'P-T'-T (l^S^T^f) : (5')CCTTCX:CATA TCGTTTC3'). 

3) ^n-/-A : (S')CCTTCCCAM TCGTTTCS'X 

4 ) : / n _ r _G(iM^?vf) : <5')CCTTCCCAGA TCGTTT(3'X 

5) ^p-^-tg (2M^7»;f) : (5')CCTTCCCTGA TCGTTTC3'). 

6) 7°n — 7" — T G T : C5')CCTTCCCTGT TCGTTTCS'X 
[0 2 2 63 

III)DNAfy^«Z)3l» 

^TODNA^fl-7'^ 0. II MESC2-Morpholinoethanesulfonic acid) ,&Sr 
& (pH.6.5) 500nM»So««£*=L.fc« DNA?^?n7Wt-S 

« (DNAv-T £ o7W ^-No. 439702, 3 2 fcf>§k ^itfDNAX^'f hV 
> 7 s < y ? XNo. 43970 l*n & ft £#165S;£> ^^7l/-ft-^5, GreinerftID 

DNAf-y/ffiX?^ (Black silylated slides.Greinertt 

M) cD_btis fliE^a-T^^;^^ (spotting) I-&7 

— 90 — 
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fcg/frffcLfc, *<D&, 5 OmMOTEiMfrS (pH:7.2) KT&t&Ltz 0 ttfc-, # 
7" n iro^ 4x^ y h^^yr>?'U; 0 @SEte^*7*f K^v 
0. 1KSDS (sodium dodecylsulfate)^?^r 1 m$cfr&. SEStK^T 2 Effi 
hVQ^Mfc (.2 < 5mg-NaBH 4 /ml-25^^ 

co 2 2 73 

1 0 0 juM»£ffl;R&«SHgig {5 ommmmm (ph : 7. 2) * 
CAX80M) <Dtm&Kmmmi&m\iim cmp-iomh-pg. c^^*fc) dtm-s-^ 

i^&llofbfcS&gl&ffc*-, ^PCCD*^7 (C4880-4(®> *£*&7;d- h 

mOii*Hr#€:®«»*ff^!il (IWJTV7 h (TPlab spectrum; Signal 
Analytics^:, Verginia) ^>X^-J^tl^V^> (NEC) ) iCTfftjfU 

[0 2 2 83 

— 91 — 
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BgoDN Afv ^«T5; <kliJ: &SNPs ©WW 5- <t#fcfr 

[0 2 2 9] 

JaiT. fttfcft 2 4-27 i;3KBJ3iOPC R#&*f£f . 

;i mrnm 2 4 

i: ^CJIi0CD^V ADN Al=*Stf £ 1 6 S r R N Aitfe^£Mfl*tf&®S<fc LT, £$t 
■■; 1&g&©iB<6©fci6<Z> (BODIPY FL/C6"t?^L/fc) zt^J^^ Cfcf&ajeD^t&T* 

CO 2 3 0] 

^5 >f v - 1 CEu800R : U *SD OlM : (5 ' )CATCGTTTAC GGCGTGGACC3') 

- (Perkin ElmerftHk SiC^iM" V 3-?** &"J * U 

K® 5 ' 7fc$5<B y >®S**X7 r 9 - V$3M lt->h->> iU * © ^ N 
■>^5' ffc©Jft*OH*i::> -(CH 2 >g-NH 2 *ite-fr I, z/? ^ K*, * 

> K ' 77-f K • V — v> > K ■ # — OfcH) £JtAt> 

fc 6 HiC, -rit^ £.7D;f • y y h 

(FluoRepOrter Kits)F~6082 (#7* If- F L/C 6 CD^a t"^ £ 5 

/Ui^-r^ (BODIPY FL propionic acid succinimidyl ester) Offers ^fe'fb'n 

£D*'fkf-FL/C6-citlfty7^?-l^L.^ a 
[0 2 3 1] 

^^©*&aSt:^&nfc#5£^l*|S:@b|g@te*^3ta *n£0.5M Na 2 CO g /NaH 
C0 3 lg» (pH9. 0) C^tfco »»NAP-2 5?!?7A (7/^ 
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' gradient: 15-6 5%, 2 5^») £^T®&#T*T-?fco Sgfi* , £; r 

[0 2 3 2] 

Z^fcBV/U'O' h A : 0, 05N TEAA 5%CHgCN 

m& V >t"< > h B (^7i?x>h (gradient)^ ) : 0. 05N TEAA 

4035CH 3 CN 

fj'y \ CAPCEL PAK C18 ; 6 x 250mm 
1. Oml/min 
4 0°C 
: 2 5 4nm 

[0 2 3 3] 

H»J2 5 

7° 5 -f -v - 2 <Eu500R/f orward : 7 * 9 - KSI) O : <5 1 )CCAGCAGCCG 
CGGTAATACO'XOfflfeB^J* t>^* 'J ^x:**^ U £ Utf^ K©5' 
,/' #rfef?t CBODIPY FL/CB) Lfz -?3 -f ^ - 2 2^ t 

[0 2 3 43 
g&ffift] 2 6 

MBLfc-* }■ >;x> hT-o^ (NB) CPifco*fc») 5 m 1 

NB.0. 08g/100ml) *-£^"r5i**tff*JB^T, *I£^JM109*fc£ 3 7 «CT-flfc2£M 

;0»^ DNeasy Tissue Kit (*7^ v (Q1AGEN) K-f 7i) 
^MDNA^ffltBlt, ^ftffim^CT'PhniH^tc 
^ 17n g/^ 1 ODNAMiftfco 
[0 2 3 53 
MM 2 7 
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"T" A (LightCycler™ System) *ffil>T *? P C R£J£*ff fc, SfcftM: 

mmztix^^^mii:®?? j ©ft?) icM^T-f?- is<^/x{i2 

[0 2 3 6] 

*Mf$VADNA*« 3. 5jul «0-6ng/20/il) 



? -r v - 1 2 o&g-t* o fc e 

[0 2 3 73 



«3^|[0-2. 4 * 1 0%l) 
0. 8/z 1 0 8/iM) 



T a 



10. 0 ja 1 
5.7^1 
20. 0 j« 1 



— S4 - 
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Taq 

Taq DNA sj? V ^ 7 
Taq X £ — f- (start) 



9 6.0 ja 1 
6 8.2 fil 
2 4.0 jet 1 
S. B ill 



CO 2 3 83 

ft. Taq Taq DNA3? 'J>7 — £$£?&l± u is • T ? J 4 »s 9 7* 

^^|(2DNA7X^-A-{yiJ^^-> 3 >^D"^ (DNA Master 
Hybridization Probes) bOk©-?**, #KTaq DNA ^ V ^ 7— 
lOXconc. (#^** -y^) £ 1 O^t^LT/Bl^ Taq X 

*-Md\ ^n-Vf^tt (USA) AOlR^Sn-C^STaq DNA^ "J ^ 7*—tf 
fiO^ Z.tl*Kmm-mUi-Z>Zk'C7 0 o C£-?T a q DNA^U^ 
^-tfCffitWS^i^S^ (hot start) *JfT 

[0 2 3 91 

Cdenaturation) : 9 5X, I 2 0# 



\/ iz&ZF l-~3©&£Bf£E?9£> Fl ^ *©^tH5l©^^>fi 
1 0, i«in5i:itt^ 
[0 2 4 01 



5 7*0, 5 



1 OS? 



7— — 'J > ^ (annealing) 
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14 9 

mi era -xmm 6 s rDNAo^t^t^M 

l>tzjmmi 6 S rDNA©Mi^f fl *BW^Sfcl*0. 9 9 7 3 MtiT 
[0 2 4 1 ] 

;«2 8 

" a) 6 S-rDNA 

'! ! • y * V - K f 7 4 t - E8F: (5' )AGAGTTTGAT CCTGGCTCAG(3 ' ) 
;: • U^-X^-i"*'- E1492R : (5 ' )GGTTACCTTG TTACGACTTC3 ' ) 
- c) ffilT'D-r : BODIPY FL-(5 1 )CGGGCGGTGT GTAC(3')0I U3'5Mte U >&ffc 

d) ffifflPCRiaiJ^afs : 5^ h-^>f ^5-™->t;?a 

e) PCR^# : 

^'SH^ : 9 5*C\ 10^ 6 0#fUk 9 5 °C) 

U > ?*KJ£ : 5 0 "C^ 5 ®> 
®t«M*ftR!S :7 2t^ 7 0 & 
£iM^;M& : 7 01M 
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'[0 2 4 2] 

DNA ^ U ^ =f — CDft CTaKaEa Ex taq) : 0. 5U 
Taq KftflO: 0.3/il 

^o-^OftK: 0.05 /tK 
MgCl, 2 ml 

BSA (bovine serum albumia)gU£: 0. 25 mg/ml 
dNTPsftflE: 2.5 nM (#2 ? KKol^T). 

CO 2 4 3] 

<D-*^ ?Jl4fe£«tt®»<D*Ml 6 S r DNA© 3 tf-S&Wfcfl&J - £ 

&±<0*£*fr J: 7 2f:^«D^Stt P C R-%m*%^2> i®fi?lSEi6 

[0 2 4 43 

* a #3few © 7 s - * aw^k-o ^ xiE^c 

H2?fi#J 2 9 

hhyVADNA Ct hiS-^nfci'> (g 1 ob i n) (TaKaRa#^n 
9 0 6 0) (TaKaRat^) (KT, th^/ADNA 

[0 24 53 

-RH38+C XlD ©HIS : (5 1 )CTGGTCTCCT TAAACCTGTC TTG 
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(Perkin ElnerffiRU #H) £M^T£v£U MK^* U rf^** •> U ? V 
KC5* » 'J X 7 r ^ -irffil IT h > i Y 

o - T'ttfr £> U # - * - * h (FluoReporter Kit)F-6082 (#7* tf -FL/C60 ^ p 
L'tf'VSHf'*' ? ^;pjc^-r;p (BODIPY FL propionic acid succiniraidyl 
esters) ©ftfei=s ^Kfl:^*^ U =f * ^ K©7 ^ V^^K^ 

[0 2 4 6] 

4;$$toQ>ftSk : »6*lfc^ife^|g:l!L|£H®I*»fc 6 ^n^rO. 5M Na s C0,/NaH 
!" CQsiHHfttt CpH9. 0) i:ilbfc a §i»HAP-25^7A (7r^ 
Y ^rttSU) -cyjl>6«£;fTl^ *S0i^^bfc o Miw^^gHPLCCB 
::f gradient: 15-85^ 25t>^) *J^TO^#T?^to fco * LT\ jgfcBf S ;W > 
" tZfrJ&Lrt:* ^lfcf^WIbt^©7'7-i'T-KM3 8 + C 

t0 2 4 72 

&tBv;W<> h A : C 05N TEAA 5JO.CN 
gffivM>hB (/7v?x>b (gradient) M) : 0. 05N 
TEAA 40O.CN 
: CAPCEL PAK C18 ; 6 X 250mm 
JSttiiSEE ■ 1. Oral/min 
?M : 40X: 
: 254nm 

[0 2 4 8] 
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mmm 3 0 

/7^-7-KM29 (7 a- 9 -KM) ©IBS: (5' ) GC-TTGGCCAA 
TCTACTCCCA GG (3' ) ©J&SBE?!!* fc-^af- V =f7*ar4- ^ U # 7 

2 K*H3fe0J2 6 i^iC^Lfco 

tO 2 4 9] 

J£&fetfc0J 1 

*^T£u*tf&wraaMi <d ©fits) ^^^-^m^v? h 

±ia®t h^y iDNAs T^-f V-KM3 8 + CM7 p 7-fT-KM2 9£ 
<v / MU ^Jt^^i© P C R 12, HfiBKiBHj L^^7 

KM 2 9 ^ffl^«JK^*SKS6«©^Jia«®»3^^fco 
tO 2 5 0] 

t ADNA 1. Ojttl GR»«S1-100003 tT-) 

SUQfcfcjc 5. 0/il 

20.0*1 



Steffi fco MgC I iO*ift»Sli2mM?*ofc„ 
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CO 2 5 13 



Taq 

Taq DNA #y > 7— t? 
Taq X?- h 



96.0^1 
68-2/zl 
24.0^1 
3.8/Ltl 



L0 2 5 23 

ffls Taqi§&, Taq DNA # U ^ 7 -Hfi&Jfcte n * • * 
; ] Master Hybridization Probes) * y h 0 & So #{CTaq DM # 'J ^ 7 — 
« i Taqx*-M2. £o->^.y**± (USA) J; *3 HS^&ftT^ STaq DNA # 'J ^ 

CO 2 5 33 

: est:, 60^ 
DNA«*E£ :72TC, 17» 

tO 2 5 43 
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CO 2 5 5] 

J&T©»g Cb) - CI) *iijqufc. 
Cb) 1 OiM^B©ffi:ft&£fflE&l £LT#1^:?;u©:E3te&£m*&#*- 

apt^ Tie© c^8] *=**ff»*-r*3ais. 

C„=F n (7 2) /F !0 (7 2) Cifcxti8 3 

fcfc'u c a =&-9-4 ?Mz#ii&&ftmH&e>&&^ f„ (72) =#^^ 

/bO7 2lC(0t^fl;i, F,c (7 2) = 1 0 ^ ^ >0<g © 7 2 °CI=*3^a#S 

(c) isriE (b) cDMm-T:&t>titz&m&.m&, s>jm®m%:tLT, 
7° u - _h K & ^ / x t± ep^-r 5 jig-, 

[0 2 5 63 

(d) iuiel (b) ©5asTW?»ti^«-^^^;ufflS&at^&TSB© cms:9] k 

GS£*CB) 

F in «iog 10 {10 0-C.X 10 0)} 
F d „ =2 1 o g 18 (1 -C} 

(e) fTSB (d) ©^T#£ttfc&#yM£, ? ;l/»©gi®Ci: IT, fx 
CO 2 5 71 
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(f) fJIE <d) CDMmT&LW. £ tltz t- 9 XP-y v'it^^K 
(threshold) t U"C#0. 5 £Jfc&U ^ffl'fittejl Lfc-if^ ^ 

(h) una eg) oii^rfp^u/c/5 7^r7 l yu-±^^^^/'3<:^E[i^ 

(i) we ch) ®»sT^tiy=m®^HiKSfc3tfiHff^«ffir-r£a&^ 

<i) itriE (i) ©aSgT?t^^nfcffiw#«xi±M^iC€^^^^-±jc^ 

[0 2 5 8] 

I2j2 0«, ±ia cb) (Dmm^mztitzT-^&w^i'K cttrfa cc) 
Ei2 la, lafe (d) cD^^%mbti-7 i -?%m^LtL mm ce) as) * 

[0 2 5 93 

M2 213, file, (f ) Oafig-e&SLfcT^fco^T* By 52 (s) ©ift&T 

'J?m=0. 5^XWr>a*-^F (threshold) U -e^^t^^Lfc 

Hfc^57t*5 e -CD^7 7©S«a©*aM«SR CR2) ^rHUlB (i) ©ii^ 
Tfr3£U EP^Lfc (fjffi ( j ) ^©ts 0. 95 14T^^u 6 CCD 

[0 2 6 03 
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(DM^om tcTIB«D (a) <DiMg£&*. (b) „ (d) eD&jgJfcJsTF© J; o K 

fit ciPfcs ®fBft#ssjs^f (7 2X) cr>mi&mm * k=&& 

f£ f b,b. ./f d«, . CMl) 
f ^0^3£&<D*tIM. f ft >*. „=#1*-<r £;HD 7 

tO 2 6 13 

llW+sta^aasjrak sp-fe-, TIB® casts*; i o] Tisstfag-r-Saftg* 

F n =f n /f 3S O&^IO) 

0] it a = 2 5iUfc»^i=*JltSfc©T?* 

So 

CO 2 6 23 

Cd) ttriE (b) ©ii^7?#e.ti^^i^-r CS&^s] irj:* 
IP'S, TIE© CfeU 1] 

i o g i o { c i -f„) x i o o} m^i n 
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CO 2 6 33 

^2 4fi, itrie (a) &t>- (b) ©jsgr&s$ ntzmzv-i t Jimzztbx-f 

L0 2 6 4] 

HI 2 5S^7 7^i:, ItriE (f > . (g) . (h) OaftSTfflS 

®* u«y K-fiti: UT. 0. U 0. 3. 0. 5. 0. 7, 

0. 9. 1. 2#gO\ *©l8lCj6Lfc*-f ifr/l'SSteXa&K:,, b^VADNA 

2 6^^L7t 0 Ctit»0«fcai&f=oi>TtiriE. Ci) (j) ©litllLt 
#«>fc*BH'SUifc (R 8 ) 52. ftFf££-XL";> ->a.*-;U KliJC^LTs o. 
998. 0. 9 9 9 , 0. 9993. 0. 9985. 0. 9989.0. 
9 9 8 8T-£^fc 6 C*l€»<OffiW&£fcj^&* XUv P^-fr-fr KMfit 1^0* 5 
GtElflflft&O. 9 9 9 3) fcffcM^SCtataau^tfrffiiS&'rtfco -£>*g 

[0 2 6 5] 

5 o°e^s>9 5 d c^t) . ^2) fltjia/i) ^ic&i^-c. M^s^r^Pi cm 
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^ &fl£:5H-*&fl, /"5) HjIE/4) jfiS©«fc^ (-dF/dTs F ;^ 

<0f-*»*rfV7 ^i7i:^U; 0 ^Kf-^JS*fiy7 h£^T£IE» 

L*:^ t° - ^ 9 vjmKtZBB4*&'< h-;UL^HlflB7-f MM" 

:5 [0 2 5 6] 

5 ^£$13 1 il^Ut hy> ADNAcD 1 =i\£-tl 0 = fc? - K o ^ Ts 

tN /- : : 2 9 tmaifflPCR*m^ itria^i) . fi2) . ^s> . ^4) £^5) © 

29^6v 1 = fc?-£ 1 0 =s tf-«0iti|4l^(DTm1il*<||tt4tKC #itUf^ 
tO 2 6 7] 

m&m 3 3 

^^cD^M^^a-y : ?d-7Eu4 7 FfcAtfE u 1 3 9 2 ROM 
(5-1) M^n-rEu4 7F0^ 

(5')CITAACACATGCAAGTCG(30(I=inosine)©^Sl5^iJ^fe^^^-^-> U 'J =* 

fcSMAro-rE u 4 7 FiDNA^fjAB I 394 (Perkin 
E l me r&$k X^t^o 
[0 2 6 8] 

C5-2) Eul 3 6 2 R£D<£$ 
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CS^TTGTACACACCGCCCGTCACS')©^^^ &^>-t^*--> U U 3" 2 ? U-*r?- 
CO 2 6 93 

' ifEOT^i' U U K© 5 ' 5jd*ffl li -CCH t )rNH»* 

(Midland Certified Reagent Company, JfcH) i^lAlt» UK* ^U^-*"? — 
7 s n - T' (Molecular Probes )ib^ 5> "7 P d~ ■ V # - ^ - 4- y h (FluoReporter 
Kits)F-6082 (^ft-F LiD^P fa?*- Vg^? v'-^^ix-r^ (BGDIPY FL 
propionic acid succinidyl esters) fife f-. ^fg-fi^i!^ U rf* £ l^f- K© 

CO 2 7 03 

M£Mr*f*fco **v£0.5M Na^NaHCOaflHffift CpH9. 0) izffl& 
/»£B£:£L*: 0 S^tCiSffiHPLCCB gradient; 15- 655k 2 5^0) *&T?®2k 

CO 2 7 1 ] 

V > h A : 0. 05N TEAA 5ftCH 3 CN 
*aVM> b B i?JL> b (gradient) /B) : 0. 05N TEAA 40ftCH 3 CN 

; CAPCELL PAK C18; Bx250rain 
&&mm. : 1. Oml/min 

: 254nm 
CO 2 7 2] 
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mmm 3 4 

C6-1) ±mwsui oQmcoigm 

1 0 g ; P^x^x, 5 g ; FJUzi-x^ 5 g ; 5 g J M^lk. 

1 0 0 OniL) f^-C^fJMl 0 9$fc£*S«U*: 0gf±|&5 OmL/2 5 0mL^3 
jLiyjly^^^ 3 7°C. 1 2B£H % a *LT\ 

Hs6fc (*!'!>#$£ 1 0, OGOrpnu 5#, 3KS7fCT 2 (Ugfe^) 0 
[0 2 7 33 

(6-2) 1 6 S r RNACDcDNACDKii 

*©^, BcaBEST™ RNA PCR* y b C£fi-i§#fe3C£*fc) * h©^P 

h3;n:s!cts mmm&m^^i:^ i e s rn A&-®8it L^mmtmm 

KJGS (RT-PCR) *ii*HZ>a^O^#-cff-5fc B *©B8U BuiH«0*3iS^«)^3fcfS3fe 
^n-rEuM^^-fv-il/T^^fc, Sfct^T, RNA£Rnase HK<h>3# 
#FL (3 0^ 2 0f) , 16SrRNA*^©ift#ttcDNA£|#rt: a cDNAgg 
£01iGreen*ssDNA Quantitation* y h (Molecular Probes) 
= 

TO 2 7 43 

mmms 5 

(7-1) JgS^PCR, ^-*#^:teJ;tf cDNA©*fe^©fls$ 
Ittjffic DNA$g&K^T\ ^W<0^3te?»3e^CT-rE u47F^7t|-7- 

'J TA^-f A^i* 1; >^Ifi«]PCRSti LT> LightCycler™ Sytem (a 
K#fe-*"C&J&#fT-3fc« tt*>\ DNA^M?-^j:b T TaKaRaTaa™ (^fg3t*$ 
[0 2 7 53 
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TaKaRaTaq™ 10. 0(^10. 5 U n i t s ) 

5 'J Q$&7.k 5. 0 u. 1 

^^fi 2 0. 0 ^ 1 
tt4bN cDNAIi, gj 3 0 ©jtil^SftSlHREo ^ fcf-SCTSi»^fir o fc a 
MgC 1 i ffldft»aiie{i2mM-??*,ft: e 
CO 2 7 63 

^S(denaturation)SMM : 9 5U 6 0# 

W : 9 6 °C % 1 0 # 

Tx- ij >^"Cannealing)Mi^ : 5 CTC, 5# 

DNA#JfcSIc; : 7 2^ 6 0# 

: 488nm 
Sll5£«jfefe : 5 3 0 nm 

CO 2 7 73 

huIE©*^'; t;v^^z.-=&-^ U >£^JM-JP CR^vfr^T., ^-f^©® 
( a ) 4 K *J 1* 5 Jgfif b te*»**S3te-fe#T?*1tt £ ft 7° 5 

S0»TB¥ (9 6°C) ©SfcEBtMD T«4ffiJE«»*!iaaft!a. MO 
C$fc8] 

in- fbrt. ./f»,» • ■ ■ GRSG1] 
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CO 2 7 S3 
CI&9 3 

F n = f„/f ?f ■ • * 0] 

■So 

CO 2 7 93 

(c) lulE <b) ©afi^T^&ftfc&iM ?>P©^tog^fc CSfa*;6] K«fc5 
MSI 03 

1 o g 10 { CI -F») x l o 0} - ■ ■ 1] 

F n = 0] ft* -fit] B 

[fi^ii] CSSsfce] i=*n*T\ b = io, A-iootUfc*fti:*tf 

CO 2 8 0] 

Jb^©#£S£EI 3 0 Lfc 0 

g]S0li„ ftflB (a) . (b) N (c) ©MUTff&Sfrfcffi^ 1M 
CO 2 8 13 

E3 0ffl^7 7tli:, #C<D (d) *J ACX (e) ©a&s-c&g bfco 

(d) tula Cc) ©iSgTr&S^ft^-^-©^ 0. 2^l/ r > a *-Jl/ 
K (threshhold) U ^©itttraSLfc^-r ? ^sgS:^- tt^-T 
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tW&x 1-#£>-&> (a) , (b) , (c) „ (d) . (e) ©agtflT&a Ufc 

£-Wi*m M £ < j£is6 £ CI £ #T'£ £ £ £ 5 c 
[0 2 8 23 
3 6 

(8-i) ca^is*«r3fi) ®mm 

5 J=q* L rt= 1 0 ^IliofflMS^^DSMZCUeutslie Sammlung von 
Mikroorganismen und Zellkulturen GitM)&> £ISA l>s fyiS® 5 3 ig-ift^ t^T 

**®^|^^&ie#^86fc C&E^JISl 0, 00 Orpitu 1 Q&y m®?kV2 
[0 2 8 3] 
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£8 





DSMZ No. 


Hhal tSf Jt 

(bp) 


T - RFLP 

{%} 




5£fi3 e-my 


1 


65 


22 


9.5 


2740O 


0.91 


2 


3138T 


43 


10.9 


31400 


1.05 


3 


12778 


52 


9.7 


27900 


0.93 


4 


20530 


104 


9.4 


27100 


0.90 


5 


50108 


168 


10.4 


30000 


1.00 


6 


20152 


332 


9.3 


26800 


0.89 


7 


43879 


404 


9.7 


27900 


0.93 


8 


20579 


432 


9-9 


28500 


0.95 


9 


5078 


531 


10.4 


30000 


1,00 


10 


43673 


626 


10.8 


31100 


1.04 



[0 2 8 4] 

l;Paracaccus pantatrophia 
2:Sphingomonas natatoria 
3:Bdellovibrio stolpii 
4 ; Microbacterium imperiale 
5 : Pseudomonas f luorescens 
6:Agromyces medislanum 
7:Cellulomonas cellulans 
8:Brevibacteriuin liquefaciens 
9 : Leminorel la grimontii 
10:Rhodococcus luteus 
[0 2 8 5 ] 
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■e©^ mio^mm^^tmm^i'^, ^n^n©i *o 1 6 s trna 

36fs^©M#ttcDNA£»*: 0 #&jH;fcl 0#j£&*GD c DN A»g£|fria<0 
®zKK^ 3 0 0, 0 0 Ocopy/^L^^^i^jr^Lfco 10»:o^t, 

0 0 0copy///L©fi£'u2'£ tl"C^5 £ lis 3, 0 0 0, 

CO 2 8 63 

(8-2) 'JW^A^^'J^/ti^FCR 
A^^ u ^SgSMPCR**?,*:, 

>-f)v=^^ msmx-z 00,00 ocopy/2o#L <M&m&#.2 0 u. 

L) JrSl-Slfcj&fc&j&iiLrt:. £ggfctf>'J A^£ ij 

2 (IU3 0#JiSj a 7Pr>^-/^'^ log 

U >^fi$jp C R0^JCS^CD c DNAOa 2 8 8, 0 0 0 r» 

^-^•'ft (0 3 « ^»U^:-r^tit.m^fi3 0 0, 0 0 On 

[0 2 8 7] 

l£WJ3 7 

(9-1) T-RFLP^«fc5«¥*ff 
BtTiaoJ: -5 i= UTP CRS&S£?To*:gU ±SIM#** ^ ACMicroconPCR, 
Millipore Corporation, Bedford.MA, USA) iB^iSLfc, 
Hh a 1 (|» ; GCG/C, / = TO/N (— Hfe) £ML*io 
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^M^T^ WWrmtf <Dfr&t? 7 a (Microcon&cmcropure-EZ.Millipore 
Corporation^ Bedford. MA. USA) -?mmLK« ftJlfcS*&TO©#M*fe© c D N A 

[2 8 83 

^^A^^ssLfcc DNAiii:o^x> tm^&%m&fi->Kik, 

>if- (ABI PRISMTH 310sPB Applied Biosystems) CTT-RFL P ffl^H&ffi 

BODIPY FLW^yi^^Slto #b'-^©*^^^^^/- 
^1, t^to^;H«, 9. 4 i 0.' 8 cD&ffiirjfca PCR 

0. 8 9-1. 0 4 (£8£jBD Tft-^fco J;^T. ;fc£j&K*$£M&Kfctf 
CO 2 8 9] 

CO 2 9 0 3 

&mm^?z a m$kte, Tabel 8K**Lfcl 0 D S iitf *?fltA L fc e 

VUM I SO GEN B*) ck ^3 Total DNA^^o h ^ J^JC^C> 

* Eu47F(CITAACACATGCAAGTCG, I=inosine) ,Eul392R 

(TTGTACACACCGCCCGTCA) ^y^-fT-iLl, 18sRNA&fc^£iiiM£f^ ilt 
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P C R&JS£fT-3 tz* 1 Oa<Ql6$rRNAitfe^Jtf|il^ti*PicoGreen R 

dsDNA Quantitation Kit (Molecular Probes) irtgtl/:^ St^^kCT 
300,000 copies/ml t^c* J; o-tn^n^lb^o d ft & 

if*reD 1 BSrRNAitf^ifiPi^ ifi* ft ft 30. 00 0 copies / ml <D SSET^- £ ft T 9 . 
h - * 16SrRNA®f£^itijraifr2ftgfi3QG, 000 copies, ml £ ft & 0 
T0 2 9 1] 

ICoAXH^iS (I6S rRNAiffe^l^>^;U) L,T. Texas 

red, DABCYL2H#^7fe^7 0 7>f v-^^fcSfifflPCR^fc, 
7* LT ?*Eu47F-modi<ClTAACACATGCAAGTCG, I =inosineKEu!392R 

(TTGTACACACCGCCCGTCA)-&^ffl L/c 0 Bu47F-raadiikEo47F£^^JttlRlirc& £ 
^ 5* 3fS3§3&^ 9#§©T#Texas red. 9 # g <D T jirfDABCYUW £ ftT^So 
Texas red^i;^Dabcyl£Df^^li. 7 t A fc 0 jttftPCRSS 

liltli, iCycler (/^jf?-; K (BIO-RAD) *±|S) ^ffl^fco 
Denatured 9 5 °CT 6 0#{HlfiHN P C R if -1' £ {^Denature = 9 5°C/6 0 
annealing= 5 0 °C/ 6 0#, extention= 7 2*C/7 0 S>©Se#f--Cff o 

Eu47F. Eul392R*^ftj^26ST- #0. 1 /iMiLfco DNA polymerase itTaKaRa 
TaqTM (^Mik) £0.5 Units/20 0 Ofc* Mg-f VjftflEtt; 2mM4: 
L^o d N T P 14 2 . 5mM£fc* «fc ??8&finLfco AntiTaa 
body Urn->7-y9tt®) L«^^i^fcI!J *K Hot starts -a 

rt= a ^ffiBaf^fifcOfctooas^^^i: fCte. E,coli£>16s rDNAit^ifll^ 
#H&ffl^fco E.coliCDl6s rDNAfite^-lfiW^iaiSSiia. BulEAXi^f&£« 

tra«©^*cff r,fc e tibMfft&&, Ax«-g«*:«F*tf>3e«ff-sfc. ax 

ffi#«£^<Oafte^»ii,. &2£S-C300, 000 copy/20 #1 <2Qfil=&S) ittS 
J:?WfiOfc B E9fei»J£t±&+f-f ^WOdenature^ annealing^ Kl— tsT^^ff 
fco ikft&ftmt* &3tm%&tmm-* annealing^ ('W 7' U *V -> =, > 
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10 2 9 22 

/ Fn= {( f hyb, in / f den, n )/( f hyb, n'/f den. n')}X100 

f hyb, n= nlr-f ^Wcfctf £ annealing C^^^y^X) 

f den, n = nf*-f ^ JL-K&tf 5 denature ($?!§t) PfC^jt?^ 

f hyb, n*= W«S^CD^^^C-5BtrcD-y-f Cn' 1M£;10 fcfe 

. tfSannealing C^-f/U^X) *#©S3fe3ft£ 

f den, n 1 - iiH^fi^©^5fe^^Cl 5m<DiM £ ^ Cn' -F^/P) id 

- ^denature <jS?]H) Bfo^ufcSfrB? 
[0 2 9 3] 
<T-RFLPK 

Millipore / Corporation Bedfprd^t, MA, USA) fcTfrt^ Hhal CMIeSM& : GCG 

,/ :- /c, /=W»fWBFf> £T9«*yiE^$affi£ff,fc e c©$JPl§£«Irtf 

Sn^ffiaS^-^ofc^. If-- (ABI PRISMTH 310, PE Applied 

Biosystems)^TT-RFLPjS?*Fr*fi i -5^* #i!JW«Jt^l^I0 

CO 2 9 4] 

2) 

Fig.33, Fig.34. iz1&%:*zk-r 9 Fig. 33. * ^ -5 jibfe^^ -f 

^r>.t- K (thresh hold) (log Fn (£:Jfc&3») = 1 . 6 ) fliTT © 
irMt*^^^ ^^i^tc (innitial) »0 U ft: D N AM t CD&|#£ 
Fig. 34l'^L*: 0 coEJ^^sjco <clf-f ^^JSt^3S3^jn©3 fc?H&£: 
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/b) T'^ih^iifc (Fig. 33#BSJ 0 Fig. 34^ L-C^l/fc 5, AX^^ 

flK3=^©16S rRNA^r t a -tfeii, $1296, 000 copies £££ 3 n*:. 
{£300,000 copies?* ^feO&frttjefiffi^SgfBSiftfce 
[0 2 9 53 

n^ntiLt^, ^?©tf-^c*^i»fig^i± s 9. 5-10. s^fgfflw 

?fc *K 16S rRNA^^M5CJ;^P CRfg$f^ffl^^^eJ6^n^^o^ 
(Table * ^SStJP C R?j£*6*:18s rRNAiftfS^O h ;l/=i fcf — SfcfC 

a6fc (Table 9#M) fl Ki&tbtzn tf-JBt/tO^Afl^ fcf-gr|i 0 . 9 4 

- 1 . 0 5 (Table 9#M) t*5:a?), *fe©AP£^£$^©S£ate 

CO 2 9 63 
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m 9 ] Apm<£'^tk%!}&e>m&&BTe> t - r f l p -nmz. *.zimm& 



Table9 : T - RFLP^ (^^5 -T-v-p " 







(bp) 


T-RFLPH^J6fc 






Paracoccus 
pantotrophus 


65. 


22 


9.50 % 


28120 


0 94 


Shinginonas 
natatoria 


3183T. 


43 


10.10 % 




1.00 


Bdellovibrio 
stolpii 


12778 


52 


9.90 % 


29304 


0 98 


Microbacterium 
imperiale 


20530 


104 


9.60 % 


28416 


0 95 


Pseudomonas 
fluorescein 


50108 


168 


3.1V 70 


f JLi 


A Oft 

u.yo 


Agromyces 
medislanum 


20152. 


332 


10.10 % 


29896 


LOO 


Cellulomonas 
cellulans 


43879 


404 


9.80% 


29008 


0.97 


Brevibacterium 
liquefaciens 


20579, 


432 


10.40 % 


30784 


1.03 


Leminorella 
grimontU 


5078 


531 


10.30% 


30488 


1.02 


Rhodococcus 
luteus 


43673 


626 


10.60 % 


31376 


1.05 



CO 2 9 7] 
[0 2 9 8] 

i) *Sfc£&fc«ttf&# 

Paracoccus denitrif icans DSM 413© *f J A D N A -^DNeasy™ Tissue Kit 
(QIAGEN GmbH ft, Hilden, Germany) £ ffl T ffl £ ^ E L 0 F 
CAGAGTTTGATCCTGGCTCAG : StifelKSfp/j: L) * E 14 0 OR CGGTTACCTTGTTACGACTT) 
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-f v--tr v h£^t,^ 3i^©PCRiC"C s 16S rRNAdffc^-£±ML7tc PCR 
3f$filr 1 Kr j £Pico Green dsMA Quantitation Kit (Molecular Probes Inc. )-£Mt v 
tT^h^jeSUfc^ 16S rRNAifj£^£6 ng/ v ISiS-mWLZmm U fc Q 
[0 2 9 9] 

^5fe5S3fc^cr-yiE?lll±s 5 ' CTAATCCTTT- (Texas red) GGCGAT-(DABCYL) AAATC 

S*T*DABCYM£fifeL*:fc©£{£Ji! Lfc* * ©^tft^&(3||«rj 7 £f*l«-C& 

K >J > gtffc 3 ti jt a Forward, Reversed 7^7- jl^© PCR "C^^ L & 
aii^&<s£M^*:<EIOF, E1400R) <.+t£t>^ 

[0 3 0 0 ] 

1st denature{±9 5T\ 120sec. denature m$°C, BOse^annealliSSIC, 6Qsec^ 
extension {^72^, 70sec©&frT * £ „ M g J * >m&& 2mttk Liz a dNTP 
fi^«^X'#2. 5fflM£tt*,fc-5fl&Sii3*i;fc B Taqtf <) / ^-Mt LTGene 
Taq <B#^-» £Mt^jt 0 T^-i'v-te, ii^OPCR^T^ 'J7;^-fA 
SIWPCR^feC, f^ISTl 0QnI®llUfc o JfcDNAfl&ftfcU M^r 
'y-f\s- h&fti: ITf l\ Q. 6pg -6 ng/ reaction t ft £ J: j^jQ L*= 0 ^ 
^^Iz-hitt, Jh8g©#&Tfgg Ifc Psracoccus denitrif icans DSM 413ffi 
Sfc£>16S rRN A4tf5-5F4#<6M&£ ffl t s 0. 6pg~-6 ng/reaction £ ft -5 «fc 3 

denature^annealing^r— {ej-^fr -a fco ^%3t^i<4. f£JS#lJ 38t I3tit 

[0 3 0 1 ] 
2) *&& 

^^^n-ytc^SitiPI^CD 'J 7^^A^^ y >^L^jfe**Fig. 35 
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Z> C tftnfmx?&& C k&ftfr-* iz 0 XUyj/i^-^KI Clog 

L0 3 0 23 

[0 3 0 33 
1 ) £tt£& 

BOD I PY FI/C{gffli 3ftfc&©*fS^fc e { (BOD I PY FL) -5 ' CTAA TCCTTTGGCGATA AATC 

r} a im-xmtzmmmskmmv&Zo v\t±imit^±^^-r 

*?«fcO\ mtm±? n -7 izlOMffiffifttzmUti') GATTTATCCCCAAAGGATTAG 

m^m^mma^') gatttatcgtcaaacgattag cr))^m^ti 0 

WLt&Wkm. 1 0 0 nmtU L fzc -g-JUc^ - >f v h D N A ttf»S« 4 0 0 nH&ftn L 
£ Q M^-^'y hDNAfi, Lfc 2 ^-y* h<Dft^ ft 
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[0 3 0 4 ] 

T, iCycler (/^t?v Kit) ^ 7 * ^ * - (i. ^fe^fc^p- 

^©^EtftffiKte^V Jf? * Kfrta&gfcOTTl^ Texas red ffl©^^^^^- 

[0 3 0 5] 

2) 

ffl«SOTmffit±, ^^3fe^o-y#^ 1 0 OWfflffiffi*- 

S *fig{E it SStf T § £ C t tffPJl 5 n fc« 
[0 3 0 6] 

*SM4 1 «jfc^n-^i^tDNAf-.^ 

[0 3 0 7] 
1 J 

Table lOfw^LfclS^JcD^^^n-T-^iliiiLfc. Cftbf*. £"C t h 
©CYP21fift-?-OflfP^lE?TjT?*e)^ ^P-yfE^J^i-SNF s fPft^SvLTf^S, 

— the Whitehead Institute(http: //waldo. wi. mit. edu/cvar_ 

snps/)©SNP s<0 I D##£*©££jBI/B Lfz a £j£&ii&T© 2 

*WJ7. £ 13 5 c (1) 5' 5j5^i±,5'-Amino-Kodifier C12 (Glen 

Research^) §1^17 5 J 'J >A-^#At^ (2) Texas red(3\ 7° 
n-T-SB^J^^^-rAmino-Modifier C6 dTtfttTtt < „ Amino-Modifier C6 
dC > U -tf--*ft:$L) fc^^x«L^ a ^a-rSB?lJfcJ;OTexas red£ 
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[0 3 0 8] 
[110] 







5 ' $$5fc^<D 
Texas red^Hftfcg: 


Dabcylftff 


WIAF- 
10544 


5'CGCAGCCGAG CATGGAAGA 3' 


6 


12 


WIAF- 
13038 


5'CGCTGCTGCC CTCCGG 3' 


5 


11 


WIAF- 
10BOO 


5'AAGGGCACGT GCACATGGC 3' 


9 


15 


WIAF- 
10579 


5'CATCGTGGAG ATGCAGCTGA GG 3' 


5 


11 


WIAF- 
10578 


5'CCTGCAGCAT CATCTGTTAC CTCAC 3' 


10 


16 
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cm 1 3 ffifflifc^-yj h&KBeaaj 









No. 1 100% match 
target 


5'TCTTCCATGC TCCGCTGCG 3' 




No. 1 1 mismatch 
target 


5 1 TCTTCCATGG TCGGCTGCG 3 ' 




No. 2 1Q0& match 
target 


5'CCGGAGCGCA GCAGCG 3* 




No. 2 1 mismatch 
target 


5 ' CCGGAGGACA GCAGCG 3' 


"TTii&t? : 7-3... iicr7 


No. 3 100% match 
target 


5 ' GCCATGTGCA CGTGCCCTT 3 1 




No. 3 1 mismatch 
target 


5 ' GCCATGTGCA AGTGCCCTT 3' 




No. 4 100JS match 
target 


5'GCCTGCCACG AGGCTCTCC 3' 




No. 4 1 mismatch 
target 


5'GCCTGCCACC AGGCTCTCC 3' 




No. 5 10Q% match 
target 


5 1 GTGAGGTAAC AGATGATGCT GCAGG 3' 




No. 5 1 mismatch 
target 


5 ' GTGAGGTAAC AGTTGATGCT GCAGG 3' 





CO 3 0 93 

^ DNAf-; 7<Dmm:> 

©DNAf v ^ISI&sfei^ Stfi£«5^?S3te^ , D - 7*m^tz D N A *- * :/©lS 

^XUi^t^ Texas redli^:foe<78&LT^*3&^ ^ 'J ^-f X LTL ^ £ £ 
CO 3 1 03 

(pH:7. 2) £s ±la©rt (CiSl/;DNAf ^©±CtDif 
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tz a 1 0 D/iI||t^51l0l mismatch?-?-'* bm^m^^mUK 

[031 1 ] 

[0 3 12] 

2) 

[0 3 12] 

^iM4 2 3t3te3S3fe^D-7-s f d - I D N A f 

[0 3 13] 

i ) soteisrac 
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en i mM$fr?u--r 

■m±mitfn-y^Ji^^tm^O"7'^, Table 12fl^L-^ 0 CtlZ> 

[0 3 14] 

(2) SfcfejWSfc^o-T' 

ifr?u--?<i> 5' 5jeii§(4 s S'-Amino-Modifier C12 C^lx V 'J V-f-ftMb ttM 
^TMM T7 5 J 'j -^A 3' >M±&Ste Ami.no- 

Hodifier C6 dC (:/ lx > U -fr - ££H^T. TFA7; / U >*-*^A 

(Molecular probes) L*: 0 :£«Bfc:7a -7*fi 3 J jfcflRtf U 

[0 3 15] 
(3) -f^4-*- 

7 Fzf^-t^-tLTS' CTTGGGGGGGCATATCTG 3' T? * & i£?U ^ I ^ 

|J/<-^/7-f7"iLT5' ACATCCGGCTTTGACTCTCTCT 3 r w 
.f^_.fe„ H±% b h oCYP21itfg^O— SB (2509bp) ^ififl-T *^*< 

^ Table 12iUr^Lfc^fl3te^n-^fcctU s ^?S3te^p'-7'om3te5a^ 
[0 3 16] 
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[0317] 
CO 3 1 83 

^DNAfy p c r #m s p c Rmm&ys&mTZfcztiK'mjt&ft-? 

>y 7*± K . -f^^^-, T->^b-h, Taq polymerase, dNTP, MgCl^te if £■ 

■£fciSft*<0i*;fc o c ©M^in^ ^ J; ^i: ^7 ^' - ^ 7 x-cli \ ^*^y 
[0 3 19] 

fMM© Denatured 9 5*C"C1 2 Q&fflffl,^ P C R*fr*r ? Denature = 9 5 
°C/ 6 0 annealing= 6 0 *C/ 6 0# ( extention= 7 2 °C/ 12 0 f&KXfi-* 
fc 0 Primeraiffiiiv 7* 7- F\ U '<-*#K*b&i8£T #0. 5/zMib 
fc 0 T-^b-Hi. LSng/^KOgj^iftKT^IlL/fco DNApolymerasei 
Gene TaqTM (B^^-» £0.5 Units/20 i« l®»ST?ffiM Ufc, Mg^t>|g 
*(i2inMtLfc B dNTPIi«&»ffi-C*2. 5 i £ <fc ? « U a 
[0 3 2 03 
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[0 3 2 1 1 

2) 

- 7- *j J: O'^jfcyM:/ p - * - ^ h E?iJ i^-f7''J^Xl 

ScLTfctK ^ElT>7 a lx- hiOTteffiLjth b^rV Af*, WIAF- 
10600© ^u-yffi3FlJi 1 0 0%mWft-Z&&Z±:&xk$tlfr o it^tf 
iWIAF- 1 0 5 7 8<Z3S»7'n-rfei«i^n-7'<!:0iifi 
Ito. ^&ft|4 l-c^&tlfc ^ X y-^f-^trAX^^-y y hiUAF-10578 

WIAF-10578o^p-^se?ijjc^U $ ^^t^c i^Stx^ :o| 
[0 3 2 23 



- 126 — 



TI AF- Sfcjfefgl ~ 1 

10600-Nq. 1 jfey n -y 5 'AACGGqACGT GCACATGGC 3' 

wt *r fj*t.i. ^. I — __ 



naf- 

10800-Na 3 



HAF- 



atftas 



10579-NQ.4[jfc7P-7 



5'AAGGGCACGT GCACA7TO 3* 



5'CCTGCAGCAT CATCTGTTAC 
CTCAC 3 1 



Texas redj&ffitiat 



Dabcyi 



12 



15 



11 



